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BUCKS  COUNTY,  PENNSYLVANIA 

]^v  David  W.  Greenman^ 


AHSTRAC' 


Bucks  County  is  in  southeastern  Pennsylvania.  It  is  both  an  agricultural  and  in- 
lustrial  area,  but  the  principal  feature  in  its  current  economic  growth  is  the  tremendous 
ndustrial  expansion  in  the  southeastern  part  of  the  county. 

Gound-water  supplies  in  Bucks  County  are  obtained  from  consolidated-rock  aquifers 
ranging  in  age  from  Precambnan  to  Triassic,  which  underlie  the  uplands,  and  from 
unconsohdated-rock  aquifers  of  Cretaceous  and  Quaternary  age  which  underlie  the  lovv- 
ands  along  the  Delaware  River  below  Morrisville.  About  half  the  daily  withdrawal 
rf  25  million  gallons  in  1953  was  obtained  from  unconsohdated-rock  aquifers,  which  are 
the  best  potential  sources  of  additional  supplies  in  the  county  and  could  yield  several 
nundred  million  gallons  per  day  with  proper  development. 

Supplies  available  from  Triassic  rocks,  especially  the  Stockton  lithofacies,  far  exceed 
the  present  rate  of  withdrawal,  in  spite  of  the  rather  low  permeability  of  the  rocks.  As 
these  rocks  underlie  more  than  four-fifths  of  the  land  area  of  the  county,  their  potential 
value  as  a source  of  supply  is  very  great,  but  develoiiment  must  he  carefully  planned 
to  avoid  local  overdevelopment. 

There  is  no  locality  in  the  county  m which  critical  declines  of  ground-level  have  occurred, 
although  there  are  numerous  jtlaces  where  little  or  no  ground  water  can  be  obtained, 
j 1 he  latter  areas  are  underlain  by  igneous  or  metamorphic  rocks  whose  total  land  area 
j comprises  less  than  5 percent  of  the  county. 

The  chemical  quality  of  ground  water  in  Bucks  County  is  universally  good.  None 
I of  the  waters  sampled  contained  concentrations  of  dissolved  salts  that  make  them  unfit 
[for  domestic  or  agricultural  use,  and  most  are  suitable  lor  many  industrial  uses  without 
treatment. 

Interpretations  and  conclusions  presented  in  this  report  are  based  upon  records  of 
construction  and  yield  for  652  wells  (some  of  w-hich  tap  each  of  the  geologic  formations 
that  underlie  the  county),  on  water-level  records  for  12  observation  wells,  and  on  chemical 
analyses  of  water  from  73  wells. 


INTRODUCTION 

Purpose  and  Scope  of  Investication 

I'his  investigation  was  made  in  cooperation  with  the  Pennsylvania 
Department  of  Internal  Affairs,  Bnrean  of  I'opographic  and  Geologic 
Survey,  and  is  part  of  a Statewide  program  of  investigation  of  the  tinder- 
ground  water  resources.  Fhe  general  purpose  of  these  studies  is  to  collect 
data  on  the  hydrologic  and  geologic  factors  that  relate  to  the  occurrence, 
movement,  availability,  and  chemical  quality  of  ground  water  in  Penn- 
sylvania, to  evaluate  and  interpret  these  data,  and  to  make  the  results 
of  the  investigations  availahie  to  the  jnihlic. 

^ Geologist,  U.  vS.  Geological  Survey.  Ground  Water  Branch. 
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Ground-water  studies  in  Pennsylvania  are  designed  to  provide  detailed, 
comprehensive  information  on  the  hydrology  of  selected  geologic  forma- 
tions or  systems.  The  purpose  of  this  report  is  to  summarize  the  available 
data  for  Bucks  County,  pending  the  completion  of  detailed  studies  of 
the  aquifers.  Subsequent  comprehensive  reports  will  describe  the  hy- 
drology of  the  d'nassic  rocks,  and  of  the  unconsolidated  deposits  of 
Pennsylvania,  which  together  underlie  about  90  percent  of  the  total  land 
area  of  Bucks  County. 

This  investigation  was  made  under  the  general  direction  of  A.  N.  Sayre, 
chief  of  the  Ground  Water  Branch  of  the  United  States  Geological  Survey; 
and  under  the  immediate  supervision  of  Paul  H.  Jones,  district  geologist 
in  charge  of  cooperative  ground-water  studies  m Pennsylvania. 

Location  and  General  Features  of  the  Area 

Bucks  County  is  in  southeastern  Pennsylvania.  The  county  has  a land 
area  of  617  square  miles  and  occupies  a roughly  rectangular  area  40  miles 
long  from  northwest  to  southeast  and  15  miles  wide  from  northeast  to 
southwest.  The  countv  is  bounded  on  the  northeast  and  southeast  by 
the  Delaware  River,  which  marks  the  border  between  Pennsylvania  and 
New  Jersey;  on  the  southwest  by  Philadelnhia  and  Montgomery  Counties; 
and  on  the  northwest  by  Lehigh  and  Northampton  Counties.  Bucks 
County  is  wholly  within  the  Delaware  River  basin  and  is  one  of  the  11 
counties  of  Delaware,  New  Jersey,  and  Pennsylvania  that  are  collectively 
known  as  the  Philadelphia  Tri-State  District. 

For  more  than  200  years  after  it  was  founded  m 1682.  Bucks  Countv 
was  primarily  an  agricultural  area.  The  relatively  flat  lying  land,  rich 
soil,  evenly  distributed  rainfall,  and  long  growing  season  of  the  area 
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Figure  1.  Map  of  southeastern  Pennsylvania  showing  location  of  Bucks  County. 
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favored  the  expansion  of  agriculture.  From  the  middle  of  the  19th 
century  until  the  start  of  the  second  World  War,  however,  there  was  a 
gradual  but  continuous  growth  of  industry  m the  county.  This  trend 
was  greatly  accelerated  after  the  war  by  the  construction  of  the  h airless 
Works  of  the  United  States  Steel  Co.  at  Morrisville.  Bucks  County,  and 
especially  the  southeastern  part,  is  well  situated  to  meet  the  needs  of 
heavy  industry.  Plentiful  supplies  of  surface  water  and  ground  water  of 
excellent  quality  are  available.  The  area  is  located  close  to  the  major 
domestic  markets  and  maritime  ports  along  the  eastern  seaboard  and  it  is 
conveniently  located  with  respect  to  water,  rail,  and  highway  transporta- 
tion. The  Delaware  River  is  navigable  from  Morrisville  to  the  sea,  and 
main  lines  of  the  Pennsylvania  and  Reading  railroads  link  the  southern 
part  of  the  county  with  Philadelphia  and  New  York.  The  Pennsylvania 
Turnpike  crosses  southeastern  Bucks  County,  and  a network  of  more 
than  800  miles  of  paved  highways  join  the  county  with  other  important 
commercial  centers.  These  advantageous  factors  have  all  served  to  pro- 
mote the  influx  of  industry  to  the  area,  and  at  the  present  time  the 
value  of  manufactured  products  exceeds  by  many  times  the  value  of 
farm  products  in  the  county.  Agriculture  remains  an  important  enter- 
prise, however,  particularly  in  the  central  and  northern  parts  of  the 
county. 

The  population  has  grown  simultaneously  with  the  expansion  of  in- 
dustry in  the  county.  The  population  increased  from  82,476  in  1920  to 
144,620  in  1950,  the  largest  part  of  the  gam  occurring  in  the  industrial 
area  in  the  southeastern  part  of  the  county. 

Physiography 

Bucks  County  comprises  parts  of  four  physiographic  provinces  (Lobeck, 
1932)  which  cross  it  m belts  trending  roughly  northeast-southwest.  Ihe 
southeasternmost  belt  is  the  Coastal  Plain,  which  is  bounded  on  the  north- 
west by  tbe  Fall  Line  and  is  underlain  by  rocks  of  Cretaceous  and 
Quaternary  age,  only  the  latter  appearing  at  the  land  surface.  (See  pi.  1.) 
The  Fall  Line,  as  the  name  implies,  is  a line  of  contact  between  the 
unconsolidated  rocks  of  the  Coastal  Plain  and  the  consolidated  rocks 
that  bound  its  inner  edge,  marked  by  falls  or  rapids  in  streams  that  cross 
it  m their  course  seaward.  The  altitude  of  the  land  surface  m the  Coastal 
Plain  province  m Bucks  County  ranges  from  sea  level  to  about  60  feet 
above  sea  level. 

Inland  from  and  adjacent  to  the  Coastal  Plain  lies  a submaturely 
dissected  peneplain  termed  the  Piedmont  Upland.  It  is  roughly  triangular 
in  shape,  with  the  apex  at  Morrisville  and  the  base  on  the  Bucks-Phila- 
delphia  County  line.  The  Piedmont  Upland  is  underlain  by  ancient 
crystalline  rocks  of  Cambrian  or  Precambrian  age  (pi.  1),  and  is  bounded 
on  the  northwest  by  their  line  of  contact  with  sedimentary  rocks  of 
Triassic  age.  The  local  relief  in  the  Piedmont  is  about  100  feet  and  the 
altitude  ranges  from  about  40  to  about  260  feet  above  sea  level. 

By  far  the  largest  part  of  Bucks  County  lies  within  the  Triassic  Lowland 
physiographic  province,  which  occupies  most  of  the  central  and  northern 
parts  of  the  county,  except  for  a small  area  in  the  extreme  northernmost 
corner,  in  the  vicinity  of  Durham.  The  Triassic  Lowland  is  a slightly 
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uplifted  peneplain  formed  upon  easdy  eroded  inclined  strata,  with  residual 
ridges  marking  the  location  of  tilted  layers  of  volcanic  rocks.  The  general 
level  of  the  peneplain  lies  between  altitudes  of  about  100  feet  and  600 
feet  above  sea  level,  tops  of  some  ridges  rising  above  800  feet.  Local 
relief  is  rarely  greater  than  250  feet. 

The  northernmost  corner  of  Bucks  County  is  a part  of  the  Reading 
Prong  of  the  New  England  Upland  physiographic  province.  It  is  a deeply 
dissected  and  glaciated  peneplain  formed  on  folded  and  faulted  Cambrian 
limestone  and  quartzite  and  Precambrian  gneiss.  Ihe  local  relief  is  as 
great  as  500  feet,  the  tops  of  ridges  rising  800  feet  or  more  above  sea 
level. 

Climate 

Bucks  County  is  in  tbe  eastern  coastal  climatic  belt  and  bas  a typical 
maritime  climate.  It  is  very  moderate  in  its  extremes.  For  only  about  one 
day  in  the  average  year  is  the  temperature  below  0°F,  and  tbe  tempera- 
ture m the  summer  rarely  rises  above  100°F.  Tbe  area  has  relatively 
high  humidity,  owing  to  its  proximity  to  the  ocean.  Precipatation  is 
evenly  distributed  throughout  the  year  and  snow  is  uncommon  before 
December  and  after  mid-April. 

The  United  States  Weather  Bureau  maintains  precipitation  and  tem- 
perature stations  at  George  School  and  Quakertown.  Data  for  the  stations 
are  given  m table  1,  and  the  average  of  precipitation  at  the  two  stations 
IS  graphed  on  plate  2. 


Table  1. — Precipitation  and  temperature  at  George  School  and  Quakertown 


Month 

Precipitation  (1907-oi) 

(inelies) 

Average  air 
temperature 
(1909-54) 

(op) 

Maxiinuin 

Minimum 

Average 

George 

Quaker- 

George 

Quaker- 

George 

Quaker- 

George 

Quaker- 

School 

town 

School 

town 

School 

town 

School 

town 

•Tanuarv  — . 

7.74 

0.08 

1.34 

0.63 

3.43 

3.59 

31.. 5 

27.6 

Fohruarv  __ 

5 . B5 

4.94 

1.20 

1.34 

2.76 

3.29 

31.8 

29.3 

March  _ 

S-.TS 

(i.OO 

0..17 

1.23 

3.61 

3.<I5 

40.5 

43.4 

April  _ .. 

().()5 

8.2.1 

1.23 

0.94 

3.61 

3.51 

50.4 

48.7 

Mav  

8.49 

19.04 

1.17 

l.GO 

3.90 

4.21 

01.1 

01.9 

.Tune  _ _ . . 

9.93 

12.01 

0.21 

0.76 

3.62 

3 .85 

09.5 

GS.4 

■Tulv  

Ki.ll 

11.81 

0.59 

0.86 

4.70 

4.94 

74.2 

72.8 

August  - 

n .84 

10.. 71 

1.05 

1.09 

4.60 

4.43 

72.3 

70.3 

Septemtior 

8.72 

9.9.3 

0.35 

0.35 

3.52 

3.67 

66.2 

64.0 

October  _ 

7.87 

7.71 

0.29 

0.82 

3.09 

3.30 

55 . 4 

52.5 

Novenibor 

8. 02 

7.94 

0.35 

0.51 

3.2;i 

3.42 

43.9 

41.6 

December 

7.17 

.■).79 

1 . 00 

1.44 

3.. 36 

3.46 

.33.6 

32.8 
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Mangan,  and  White  (1951).  The  field  studies  for  this  report  were  com- 
pleted in  1953  by  J.  C.  Kammerer,  W.  A.  Mourant,  and  N.  H.  Klein, 
who  made  the  well  inventory  and  collected  water  samples  for  chemical 
analysis.  The  analyses  were  made  m the  laboratory  of  the  Geological 
Survey  at  Philadelphia.  Pa. 

Much  of  the  information  on  the  geologic  units  is  from  a manuscript 
report  on  the  geology  of  Bucks  County  by  Bradford  Willard,  D.  B. 
McLaugbhn,  E.  H.  Watson,  and  others.  That  report  is  to  be  published, 
when  completed,  and  is  now  on  file  with  the  Director  of  the  Pennsylvania 
Topographic  and  Geologic  Survec’  at  Harrisburg.  The  geologic  map  to 
accompany  that  report  has  been  published.  It  is  used  as  plate  1 m this 
report. 


PRINCIPTES  OE  GROUND-WATER  HYDROEOGY 
Occurrence  and  Movement 

Essentially  all  the  rocks  that  form  the  crust  of  the  earth  have  openings 
which  contain  and  transmit  water.  The  nature  and  distribution  of  the 
rock  openings  is  determined  by  the  character  of  the  rocks,  and  by  their 
geological  experience.  Unconsolidated  rocks  and  weakly  cemented  granular 
rocks  contain  primary  openings — that  is,  interstitial  voids  that  are 
products  of  the  original  conditions  of  deposition.  Consolidated  rocks, 
including  cemented  sandstone,  shale,  limestone,  and  crystalline  rocks, 
contain  cavities  comprising  joints,  openings  along  planes  of  bedding  and 
schistosity,  faults,  etc.,  which  commonly  have  been  enlarged  by  solution. 
These  openings  are  termed  secondary  because  they  are  not  inherent  to 
the  rock  but  occur  as  a result  of  crustal  movements,  solution,  or  tbe 
action  of  destructive  weathering  processes  that  modified  the  rock  after 
it  was  deposited. 

The  flow  of  springs  and  the  water  obtained  from  wells  is  ground  water. 
Ground  water  is  defined  as  that  part  of  the  water  beneath  the  surface 
of  the  earth  that  occurs  m the  zone  of  saturation.  In  the  zone  of  saturation 
all  the  connected  pores,  crevices,  and  voids  m the  rock  are  filled  with 
w-ater  under  hydrostatic  pressure.  The  number,  size,  and  shape  of 
the  rock  openings,  and  the  degree  of  interconnection  between  them, 
determine  the  effectiveness  of  any  saturated  rock  unit  as  a source  of 
water.  A body  of  rock  that  yields  sufficient  water  to  make  it  an  economic 
source  of  supply  is  called  an  aquifer. 

As  a part  of  the  earth's  natural  drainage  system,  ground  w’ater  moves 
under  the  influence  of  gravity  from  intake  areas  toward  lower  levels, 
and  ultimately  to  points  of  discharge.  The  direction  and  rate  of  movement 
are  controlled  by  the  “hydraulic  gradient,”  which  is  defined  as  the 
difference  in  head  between  tw'o  points  divided  by  the  flow'  distance 
betw’een  them.  Unlike  flow'  on  the  land  surface,  where  water  moves  freelv 
in  open  channels,  ground-water  flow  is  through  openings  in  the  rocks. 
Because  most  of  these  openings  are  small,  they  offer  considerable  resis- 
tance to  the  flow  of  water.  Consequently,  the  natural  rate  of  ground-water 
movement  is  slight  compared  to  that  of  surface  water,  and  is  commonly 
measured  in  terms  of  feet  or  fractions  of  a foot  per  day,  or-even  per  vear. 
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Precipitation  is  the  source  of  essentially  all  ground  water.  Ground 
water  may  be  derived  either  from  local  precipitation  or  (more  commonly 
in  arid  regions  than  in  Pennsylvania)  from  streams  whose  channels 
are  cut  into  water-bearing  beds.  In  general,  ground-water  supplies  in 
the  consolidated  rocks  of  the  Piedmont  are  replenished  entirel}^  by 
precipitation  which  falls  within  the  outcrop  area  of  the  individual  forma- 
tions. Under  natural  conditions,  local  precipitation  probably  would  be 
the  principal  source  of  recharge  to  the  unconsolidated  deposits  also, 
but,  since  the  time  wells  of  large  yield  first  tapped  the  valley-fill  and 
Coastal  Plain  sediments  in  southeastern  Bucks  County,  a part  of  the 
recharge  has  been  furnished  by  infiltration  of  water  from  the  Delaware 
River. 

Ground  water  is  obtained  for  use  through  wells  and  springs.  Springs 
are  natural  ground-water  outlets.  They  were  in  extensive  use  as  a source 
of  supply  in  the  early  days,  but  have  been  largely  replaced  by  wells  since 
the  development  of  modern  drilling  and  pumping  methods. 

Wells  intercept  ground  water  as  it  moves  through  the  rocks  toward 
points  of  natural  discharge  or  induce  infiltration  of  water  from  a surface 
source,  such  as  a lake  or  stream.  The  long-term  yield  of  a well  is  deter- 
mined by  the  hydraulic  characteristics  of  the  aquifer — the  ability  of 
the  aquifer  to  store  and  transmit  water,  the  rate  of  replenishment  of 
water  to  the  aquifer,  and  the  construction  of  the  well.  The  hydraulic 
characteristics  of  an  aquifer  are  expressed  as  its  coefficients  of  storage 
and  transmissibility.  The  coefficient  of  storage  is  defined  as  the  volume  of 
water  released  or  taken  into  storage  by  the  aquifer  per  unit  surface  area 
of  the  aquifer  per  unit  change  in  the  component  of  head  normal  to  that 
surface.  The  storage  coefficient  controls  the  rate  at  which  the  cone  of 
influence  about  a pumped  well  will  expand  into  other  parts  of  the  aquifer. 
If  a well  that  taps  a homogeneous  aquifer  is  pumped,  the  rate  of  expansion 
of  the  cone  of  depression — or  the  rate  of  transmission  of  the  effect  of 
withdrawal — varies  inversely  with  the  storage  coefficient  of  the  aquifer, 
and  is  independent  of  the  quantity  of  water  that  is  pumped  from  the 
well. 

The  coefficient  of  transmissibility  is  defined  as  the  field  coefficient 
of  permeability  times  the  thickness  of  the  aquifer  in  feet.  The  field 
coefficient  of  permeability  is  defined  as  the  rate  of  flow,  in  gallons  per 
day,  through  a unit  cross-sectional  area  of  the  aquifer  under  a unit 
hydraulic  gradient  at  the  prevailing  temperature  of  the  water.  The 
coefficient  of  transmissibility  is  a principal  factor  determining  tbe  amount 
of  drawdown  in  a pumped  well  because  it  controls  the  slope  of  the  cone 
of  depression. 

The  transmissibility  of  an  aquifer  is  closely  related  to  the  specific 
capacity  of  wells  that  tap  it.  Specific  capacity  is  defined  as  the  yield 
of  a well  per  unit  decline  of  water  level,  and  is  commonly  expressed 
as  gallons  per  minute  per  foot  of  drawdown.  The  specific  capacity  of 
a well  generally  varies  directly  with  the  transmissibility  of  the  aquifer 
through  the  range  of  discharge  rates  at  which  water  entering  the  well 
obeys  the  laws  of  laminar  flow,  under  which  head  loss  is  proportional 
to  velocity.  However,  at  higher  discharge  rates  the  velocity  of  entry 
exceeds  the  critical  velocity  for  the  aquifer,  and  at  least  a part  of  the 
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water  enters  the  w'ell  under  conditions  of  turbulent  flow,  for  which  head 
loss  varies  as  the  square  of  the  velocity. 

Ground  water  may  occur  under  either  water-table  or  artesian  conditions. 
Under  water-table  conditions  the  ground  water  is  not  confined  and  the 
water  level  in  a well  marks  the  upper  surface  of  the  zone  of  saturation, 
called  the  water  table.  Under  artesian  conditions  there  is  no  water  table, 
as  the  ground  water  is  confined  under  hydrostatic  pressure  between 
two  relatively  Impermeable  bodies  of  rock,  and  the  water  level  in  a 
tightly  cased  w'ell  is  above  tbe  upper  limit  of  the  artesian  aquifer.  1 he 
imaginary  surface  defined  by  the  levels  to  which  the  water  will  rise  in 
artesian  wells  is  called  the  piezometric  surface. 

True  artesian  conditions  exist  in  nature  on  only  a minute  scale,  because 
no  rock  is  completely  impervious  over  a large  area.  A confining  bed  need 
only  be  less  permeable  than  the  underlying  strata  to  produce  artesian  head 
in  those  strata.  Thus  a rock  formation  may  be  sufficiently  permeable 
to  be  an  aquifer,  but  if  it  is  less  permeable  tban  tbe  underlying  rock 
it  may  also  act  as  a confining  bed.  If  there  is  no  sharp  contrast  m the 
permeabilities  of  the  respective  beds,  or  if  the  confining  bed  is  discon- 
tinuous, the  confined  water  may  be  said  to  occur  under  semiartesian 
conditions.  Such  conditions  prevail  for  most  occurrences  of  confined 
ground  water  in  Bucks  County. 

There  are  significant  differences  in  the  behavior  of  ground  water  in 
water-table  and  artesian  aquifers.  Water-table  aquifers  function  as  nat- 
ural reservoirs  of  ground  water  from  which  withdrawals  can  be  made 
between  periods  of  replenishment;  water-table  conditions  occur  in  the 
catchment  areas  of  aquifers  where  the  rock  is  exposed  to  recharge 
directly  from  above.  Widespread  circulation  of  ground  water  does 
not  occur  in  water-table  aquifers  even  though  they  underlie  most  of 
the  land  area  in  a humid  region  such  as  eastern  Pennsvlvania.  Because 
of  the  local  origin  of  recharge,  the  water  table  is  always  a subdued 
replica  of  the  surface  topography;  therefore  the  direction  and  slope  of  the 
natural  hydraulic  gradient  in  any  locality  is  related  to  the  local  topography. 
The  ground  water  drams  from  the  uplands  towards  the  valleys  and  is 
discharged  through  springs  or  seeps  along  the  valley  walls  and  in  stream 
beds.  Furthermore,  the  physical  nature  of  water-table  aquifers  does  not 
favor  extensive  movement. 

Tbe  storage  coefficient  of  water-table  aquifers  may  range  from  0.01 
to  0.40  (and  commonly  is  greater  than  0.10).  Withdrawal  of  water  from 
a water-table  aquifer  is  supplied  from  aquifer  storage  by  draining  the 
pore  spaces  of  the  saturated  rock  in  the  vicinity  of  the  locus  of  withdrawal. 
The  resulting  decline  in  water  level  around  the  point  of  discharge  occurs 
in  the  form  of  an  inverted  cone  which  expands  until  it  intercepts  sufficient 
recharge  to  balance  the  withdrawal  without  further  dewatering  of  the 
aquifer.  Because  of  the  large  storage  capacity  of  water-table  aquifers, 
the  cone  of  influence  expands  slowly;  and,  because  recharge  is  locally 
derived  from  downw'ard-percolatmg  waters,  the  area  of  influence  does 
not  extend  any  great  distance  from  the  point  of  discharge.  Consequently, 
fluctuation  of  water  level  in  one  area  wall  not  appreciably  influence 
water  levels  in  other  areas,  and  excessive  local  withdrawals  during  droughts 
may  cause  critical  declines  of  water  level  m water-table  aquifers  even 
tbough  nearby  areas  are  not  affected  by  the  pumping. 
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An  artesian  aquifer  functions  largely  as  a natural  conduit  that  is 
recharged  from  the  part  of  the  aquifer  that  is  under  water-table  conditions 
at  the  outcrop,  and  that  transmits  ground  water  under  hydrostatic 
pressure  to  points  of  escape  where  the  confining  bed  is  absent  or  broken, 
or  where  water  is  withdrawn  through  wells.  Artesian  aquifers  favor 
long-distance  circulation  of  ground  water.  Their  occurrence  may  be 
independent  of  the  surface  topography;  points  of  recharge  and  discharge 
may  be  far  from  one  another,  and  movement  of  the  water  is  the  result 
of  unbalanced  hydrostatic  pressure  on  the  confined  water.  As  under  water- 
table  conditions,  the  ground  water  moves  in  the  direction  of  the  hydraulic 
gradient,  but  the  hydraulic  gradient  in  an  artesian  aquifer  is  commonly 
more  persistent  over  wide  areas  than  that  m a water-table  aquifer 
because  it  is  not  influenced  by  local  topographic  features. 

The  storage  coefficient  of  artesian  aquifers  is  commonly  less  than  0.001. 
Under  artesian  conditions  this  value  is  related  to  the  elasticity  of  the 
aquifer  and  the  contained  water,  not  to  the  drainable  pore  space  as 
under  water-table  conditions.  Artesian  aquifers  may  have  as  large  a po- 
rosity as  water-table  aquifers,  but  the  yield  of  an  artesian  well  is  not 
supplied  by  dewatering  the  aquifer — rather  it  is  derived  from  compaction 
of  the  aquifer  skeleton  and  expansion  of  the  water  as  the  hydrostatic 
pressure  is  decreased  m response  to  the  withdrawal  of  water.  When  an 
artesian  well  discharges,  the  resulting  decline  of  pressure  head  is  trans- 
mitted rapidly  through  the  aquifer  to  outcrop  areas  or  boundaries  where 
the  rates  of  discharge  and  recharge  adjust  to  balance  the  withdrawal, 
rhus,  fluctuations  of  water  level  at  a given  point  in  an  artesian  system 
may  be  reflected  in  a change  in  conditions  of  recharge  or  discharge  at 
a considerable  distance.  By  the  same  reasoning,  local  droughts  have  little 
effect  on  artesian  water  levels  in  the  locality  because  artesian  aquifers 
commonly  have  remote  sources  of  recharge. 

Quality  of  Ground  Water 
Chemical  Quality 

The  chemical  and  physical  characteristics  of  ground  water  are  impor- 
tant factors  to  consider  m any  description  of  the  hydrology  of  an  aquifer. 
The  quality  of  ground  water  is  intimately  related  to  its  source  of  recharge 
and  to  Its  geologic  habitat;  and  in  many  instances  it  is  the  factor  that 
determines  the  usability  of  the  aquifer  as  a source  of  supply. 

All  natural  ground  waters  contain  dissolved  mineral  matter,  the  result 
of  leaching  of  soluble  material  from  the  soil  and  rock  with  which 
the  water  has  been  m contact.  The  types  and  concentrations  of  the 
minerals  in  solution  are  primarily  functions  of  the  types  of  rock  through 
which  the  water  has  moved,  the  length  of  time  of  the  contact,  and  the 
physical  conditions  of  the  contact — that  is,  the  temperature  and  pressure. 
Consequently,  the  natural  chemical  character  of  ground  water  commonly 
bears  a distinct  relation  to  that  of  the  aquifer  m which  it  occurs. 

Human  activities  may  cause  significant  changes  in  the  chemical  quality 
of  ground  water.  Mineral  and  organic  impurities  are  introduced  directly 
into  aquifers  through  wells  used  for  disposal  of  sewage  and  industrial 
wastes.  Even  more  widespread  and  appreciable  changes  m the  chemical 
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quality  of  ground  water  occur  in  some  areas  as  the  indirect  result  of 
large  withdrawals  of  water  from  an  aquifer.  A given  aquifer  may  be 
hydraulically  continuous  with  another  aquifer  or  with  a surface  supply 
containing  water  of  a different  chemical  character.  Under  natural  hydrau- 
lic gradients  the  movement  of  water  may  be  from  the  given  aquifer 
toward  the  other  reservoirs.  However,  as  a result  of  withdrawal  of 
water  from  the  given  aquifer  a reversal  of  the  hydraulic  gradient  may 
occur,  inducing  recharge  to  the  aquifer  from  the  other  reservoirs. 
Recharge  from  a new  source  modifies  the  quality  of  water  in  an  aquifer 
and,  in  time,  the  water  tends  to  resemble  that  of  the  new  source. 

Pumping  from  water-table  aquifers  often  has  an  indirect  effect  on  the 
quality  of  the  water  as  a result  of  chemical  reactions  in  the  dewatered 
zone.  Lowering  of  the  water-table  exposes  mineral  and  organic  matter  to 
oxidation  and  carbonation.  Some  of  the  products  of  oxidation  are  taken 
into  solution  and  transported  to  the  water  table  by  downward-percolating 
water. 

Standards  of  chemical  quality  differ  according  to  the  use  of  the  water. 
Properties  that  make  a water  unfit  for  domestic  use  may  have  no  ap- 
preciable effect  on  its  utility  for  certain  industrial  uses.  The  converse 
also  may  be  true. 

In  general,  the  commonest  constituents  present  m ground  water  are 
calcium,  magnesium,  iron,  bicarbonate,  carbonate,  sulfate,  and  chloride, 
together  with  dissolved  carbon  dioxide  gas.  Calcium  (Ca)  and  magnesium 
(Mg)  account  for  most  of  the  hardness  in  water — carbonate  or  “tem- 
porary” hardness  when  associated  with  bicarbonate  (HCO3)  or  carbonate 
(CO3),  and  noncarbonate  or  “permanent”  hardness  when  associated  with 
sulfate  (SO4),  chloride  (Cl),  or  other  anions.  Water  that  contains  large 
amounts  of  magnesium  and  chloride,  or  of  carbon  dioxide  ( COo ) in 
solution,  may  be  corrosive.  Iron  (Fe),  in  places  accompanied  by  man- 
ganese (Mn),  causes  stains  on  textiles  and  fixtures  if  the  combined 
concentration  is  greater  than  about  0.3  part  per  million,  and  may  cause 
clogging  of  tbe  distribution  system  if  the  concentration  exceeds  1 ppm. 

Organic  pollution  is  not  a serious  problem  in  most  ground-water  supplies 
because  of  the  natural  filtering  action  of  the  minute  openings  m the  rock. 
However,  wells  that  tap  solution  channels  in  calcareous  rock  are  liable  to 
serious  contamination  if  recharge  is  derived  from  a polluted  source, 
because  the  water  moves  relatively  freely  and  rapidly  through  the  onen 
channels  with  little  filtration. 

Physical  Quality 

So  far  as  utility  is  concerned,  temperature  is  the  most  important 
physical  characteristic  of  ground  water.  Under  natural  conditions  the 
temperature  of  ground  water  fluctuates  onl}^  slightly  and  is  about  equal 
to  the  temperature  of  the  source  rock.  At  shallow'  depths  the  rock  tem- 
perature follows  the  daily  and  seasonal  fluctuation  of  the  air  temperature, 
but  the  amplitude  of  the  fluctuations  decreases  rapidly  with  depth  and 
becomes  negligible  below'  a depth  of  20  or  30  feet.  The  temperature  near 
the  base  of  the  zone  of  seasonal  fluctuation  is  commonly  2°F  or  3°F 
higher  than  the  mean  annual  air  temperature  of  the  region.  Below'  that 
zone,  the  earth  temperature  increases  according  to  the  geothermal  gradient, 
which  commonly  averages  about  1°F  for  each  50  to  100  feet  of  depth. 
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Natural  temperatures  may  be  changed  significantly  by  artificial  factors. 
In  areas  where  wells  are  largely  supplied  by  induced  infiltration  from 
a surface  source,  the  temperature  of  the  ground  water  fluctuates  m 
response  to  changes  in  the  temperature  of  the  surface  supply.  The  use  of 
wells  for  disposal  of  used  water  or  other  wastes  also  may  cause  appreciable 
fluctuations  of  the  ground-water  temperature,  and  heat  transfer  into  the 
ground  from  large  industrial  installations  may  considerably  elevate  the 
temperature  of  shallow  ground  water  in  the  immediate  area. 

The  chemical  and  physical  characteristics  of  water  from  the  different 
aquifers  that  underlie  Bucks  County  are  described  m the  following  section 
of  this  report  m the  discussion  of  the  hydrology  of  the  individual  aquifers. 
Analytical  data  are  given  in  tables  2 through  6. 

Summary 

From  the  foregoing  it  follows  that  a detailed  description  of  an  aquifer 
must  include  data  on  the  inherent  hydraulic  characteristics  of  the  water- 
bearing material — that  is,  the  capacity  of  the  naturally  occurring  rock  to 
store  and  transmit  water;  data  on  the  occurrence  of  water  in  the  aquifer^ — ■ 
the  source  of  recharge,  the  movement  of  the  ground  water,  and  location 
of  points  of  discharge;  and  data  on  the  quality  of  the  water. 

In  the  following  section  of  this  report  the  hydrologic  properties  of  each 
formation  are  described  according  to  the  above  criteria.  The  hydraulic 
constants  have  not  been  determined  by  quantitative  field  tests,  but 
estimates  based  on  tests  of  similar  rocks  m other  areas  are  given  for  each 
of  the  formations.  Statistical  summaries  of  reported  yields  of  wells  also 
are  included.  It  should  be  emphasized  that  statistical  descriptions  based 
on  reported  yields  do  not  generally  reflect  the  maximum  yields  of  the 
wells  covered  by  the  survey.  Reported  yields  are  commonly  expressed 
in  terms  of  the  actual  rate  of  withdrawal  made  to  satisfy  the  owners’ 
requirements.  Thus  a well  may  be  capable  of  yielding  200  gallons  per 
minute,  but  if  the  owner’s  need  is  only  50  gallons  per  minute  this  figure 
is  usually  reported  as  the  yield.  Furthermore,  even  if  the  actual  with- 
drawal approximates  the  maximum  yield  of  a well,  it  may  not  be  an 
accurate  approximation  of  the  maximum  yield  available  from  the  forma- 
tion at  the  selected  site,  because  drilling  is  usually  stopped  as  soon  as 
the  well  yields  sufficient  water  to  meet  the  owner’s  needs.  In  many  places, 
if  the  well  were  deepened  the  yield  might  be  increased  appreciably. 

THE  GEOLOGIC  EORMATIONS  AND  THEIR  WATER-BEARING 

CHARACTERISTICS 

Bucks  County  is  underlain  by  rocks  that  range  in  age  from  Precambrian 
to  Recent.  In  the  following  pages  the  descriptions  of  formations  are 
grouped  according  to  the  hydrologic  characteristics  of  the  beds,  not 
according  to  their  stratigraphic  position. 

This  report  is  a cooperative  product  of  the  U.  S.  Geological  Survey 
and  the  Pennsylvania  Geological  Survey.  The  classification  and  nomencla- 
ture of  the  rock  units  accord  for  the  most  part  with  that  of  the  two  Surveys 
but  differs  in  some  details  from  that  of  the  U.S.G.S. 
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Geology  of  the  Crystalline  Rocks 
Precambrian  Rocks 

Franklin  limestone.  The  Franklin  limestone  occurs  as  lenses  of  massive 
crystalline  limestone  in  the  Baltimore  gneiss.  It  has  been  described  by 
Hall  (1934)  as  follows; 

“The  Franklin  limestone  is  a coarse  crystalline  limestone,  or  marble,  the  individual 
particles  of  calcite  being,  in  some  places,  as  much  as  an  inch  in  diameter.  Graphite 
in  small  bright  flakes  approximately  14  inch  in  diameter  is  scattered  through  the 
marble  and  in  most  places  the  graphite  is  accompanied  by  flakes  of  the  brown  mica 
known  as  phlogopite.  In  some  areas  numerous  silicate  minerals  are  associated  with 
the  calcite. 

No  bedding  planes  are  visible  in  the  Franklin  limestone  outcropping  in  Pennsyl- 
vania, and  therefore  strike,  dip,  and  thickness  are  undeterminable.  However,  it  is 
probable  that  the  maximum  thickness  does  not  exceed  a few  hundred  feet.” 

The  only  exposure  of  the  Franklin  limestone  m Bucks  County  is  m 
Lower  Southampton  Township  m an  abandoned  quarry  about  a mile  east 
of  Ruxton. 

Gneiss.  Gneiss  of  Precambrian  age  crops  out  in  about  20  square  miles, 
or  about  3 percent,  of  the  total  land  area  of  Bucks  County.  It  occurs 
also  beneath  much  of  the  area  of  unconsolidated  deposits  in  the  extreme 
southeastern  part  of  the  county,  at  depths  ranging  from  1 to  300  feet  or 
more.  It  is  the  oldest  rock  extensively  exposed  in  the  county. 

Gneiss  crops  out  m two  rather  narrow  belts,  both  of  which  trend 
approximately  northeast-southw'est,  one  crossing  the  extreme  northern 
corner  and  the  other  crossing  the  southeastern  end  of  Bucks  County.  The 
major  occurrence  of  gneiss  is  in  southeastern  Bucks  County  where  the  rock 
is  mapped  as  the  Baltimore  gneiss.  The  gneiss  m the  northern  corner  of 
the  county  has  been  differentiated  into  two  formations,  the  Pochuck 
hornblende  gneiss  and  the  Byram  granite  gneiss,  but  they  are  mapped 
as  a single  unit  on  plate  1. 

The  Baltimore  gneiss  is  a medium-grained  crystalline  rock  which 
probably  is  partly  of  sedimentary  origin  and  partly  of  igneous  origin. 
Two  conspicuous  facies  of  the  Baltimore  gneiss  occur  in  Bucks  County. 
The  rock  grades  from  a white  or  light-gray  felsic  gneiss,  almost  a pure 
quartz-orthoclase  rock,  to  a dark-gray  mafic  gneiss  which  contains  rela- 
tively large  amounts  of  plagioclase  feldspar  and  ferromagnesian  minerals. 
Either  variety  may  be  characterized  by  massive  or  banded  structure,  but 
the  banded  rock  is  more  common  in  Bucks  County.  The  occurrence  of 
the  felsic  and  mafic  varieties  is  shown  on  plate  1,  but  owing  to  the 
gradational  character  of  the  facies  change,  no  contacts  are  indicated. 

The  following  description  of  the  Baltimore  gneiss  is  taken  from  Bascom, 
Darton,  Kummel  and  others  (1909); 

“The  Baltimore  gneiss  is  a medium-grained,  thoroughly  crystalline  aggregate  of 
quartz,  feldspar,  and  biotite,  and  may  be  either  quite  massive  or  characterized  by 
pronounced  banding.  Within  the  Trenton  quadrangle  the  gneissic  type  is  relatively 
more  important.  The  finely  gneissic  character  of  the  rock  is  due  to  the  alternation 
of  layers  of  biotite  with  quartz  or  quartz  feldspar.  Biotite  occurs  in  minute  plates, 
but  is  nowhere  developed  in  such  dimensions  or  in  such  excess  as  to  render  the 
formation  schistose.  .Vssociated  with  the  hiotitic  layers  are  hornblende,  epidote, 
titanite,  garnet,  and  rounded  apatite  and  zircon  crysals.  The  feldspar  is  microcline, 
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orthoclase,  and  acidic  plagioclase  of  about  the  composition  of  oligoclase  and  more  or 
less  completely  altered  to  zoisite.  Much  graphite  occurs,  disseminated  in  pegmatitic 
material  and  in  beds  parallel  to  the  gneissic  structure,  and  has  been  mined  in 

several  localities  in  the  Trenton  quadrangle 

The  more  granitic  facies  is  only  sporadically  exposed ft  is  medium  grained 

and  granular  in  texture.  Quartz  and  feldspar  are  present  in  about  equal  proportions, 
with  biotite,  apatite,  and  zircon  as  accessory  constituents,  and  zoisite  and  epidote 
as  secondary  products.  The  feldspar  is  chiefly  orthoclase,  clouded  by  zoisitization.” 

I he  Pochuck  and  Byram  formations  lie  at  the  surface  in  an  area  of 
about  4 square  miles  m two  approximately  parallel  ridges  of  Precambrian 
and  Cambrian  rocks  that  cross  the  extreme  northern  corner  of  Bucks 
County.  These  ridges  are  a part  of  the  “Reading  Hills”  which  are  the 
Pennsylvania  equivalent  of  the  Jersey  Highlands  of  northwestern  New 
Jersey.  The  gneisses  are  not  contemporaneous,  the  Pochuck  is  the  older 
of  the  two.  1 he  Pochuck  and  Byram  gneisses  can  be  easily  distinguished 
m the  held,  but  they  are  so  intricately  mterlayered  that  they  are  un- 
differentiated on  the  geologic  map  of  Bucks  County.  (See  pi.  1.) 

The  Pochuck  gneiss  is  a conspicuously  foliated,  medium-  to  coarse- 
grained crystalline  rock  that  was  probably  derived  from  a basic  igneous 
intrusive.  It  is  characteristicall}^  dark  colored,  ranging  from  dark  green 
or  gray  to  black.  The  chief  mineral  constituents  are  hornblende,  pyroxene, 
biotite,  and  oligoclase,  the  latter  being  the  only  light-colored  mineral 
commonly  present. 

The  Byram  gneiss  is  a coarse-grained  crystalline  rock  that  was  ap- 
parently derived  from  a granitic  intrusive.  It  may  be  easily  distinguished 
from  the  associated  Pochuck  gneiss  on  the  basis  of  color  and  structure. 
The  Byram  gneiss  is  a banded  rock,  but  the  banding  is  not  as  prominent 
as  that  of  the  Pochuck  gneiss;  the  color  ranges  from  light  gtay,  where 
the  rock  is  fresh,  to  buff  or  brown  on  weathered  surfaces,  and  contrasts 
sharply  with  the  more  somber  hues  of  the  Pochuck  gneiss.  The  principal 
mineral  constituents  of  the  Byram  gneiss  are  quartz  and  potash  feldspars; 
there  are  minor  amounts  of  hornblende,  pyro.xene,  and  mica. 

There  is  no  general  agreement  regarding  the  origin  and  age  relation- 
ships of  the  Precambrian  rocks  in  Bucks  County,  but  the  Byram  gneiss 
IS  commonly  considered  to  be  mtttisive  into  the  associated  rocks. 
Metadiabase.  The  Baltimore  gneiss  is  penetrated  locally  by  dikes  of 
diabase,  a basic  igneous  rock,  which  have  been  altered  to  metadiabase. 
It  IS  composed  chiefly  of  augite,  hornblende,  biotite,  garnet,  and  plagio- 
clase feldspar.  Many  of  the  dikes  show  the  original  diabasic  texture  but 
others  have  been  crushed  and  the  rock  has  been  altered  to  mylonite. 

I he  dikes  are  believed  to  be  Precambrian,  as  none  have  been  seen  to 
cut  Paleozoic  rocks. 

Late  Precambrian  or  Early  Paleozoic  (U ndifferentiated) 

II  issahickon  schist.  The  Wissahickon  schist  is  exposed  at  the  sutface  in 
an  area  of  about  10  square  miles  in  southeastern  Bucks  County.  In  addi- 
tion, it  underlies  Quaternary  deposits  in  an  area  comprising  about  20 
square  miles  between  the  outcrop  of  the  formation  and  the  Delaware 
River  which  marks  the  eastern  and  southern  boundaries  of  the  county. 
The  Wissahickon  schist,  like  the  Baltimore  gneiss,  is  considered  the  base- 
ment rock  throughout  the  area  of  its  occurrence. 
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I'he  lithology  of  the  Wissahickon  schist  varies  greatly  in  both  horizontal 
and  vertical  sections.  The  formation  is  generally  believed  to  have  been 
originally  a sedimentary  deposit  composed  chiefly  of  beds  or  lenses  of 
sandstone,  shale,  and  arkose.  Although  these  materials  have  been  deformed 
and  recrystalhzed  by  subsequent  metamorphism,  the  original  banding 
of  the  sediments  has  been  largely  retained.  In  its  present  occurrence  the 
Wissahickon  is  a medium-  to  coarse-grained  foliated  crystalline  rock 
ranging  in  texture  from  gneiss  to  schist.  It  consists  of  alternating  layers 
of  mica  schist  and  quartzite  which  range  m thickness  from  less  than  an 
inch  to  several  feet.  The  important  mineral  constituents  of  the  rock  are 
mica,  feldspar,  quartz,  chlorite,  and  garnet.  Chlorite  is  abundant  in 
the  schistose  beds,  and  feldspar  m the  gneissic  beds,  but  mica  is  generally 
the  most  conspicuous  mineral  m any  exposure  of  the  Wissahickon  schist. 
Hornblende  schist.  Coarsely  crystalline  hornblende  schist  occurs  as  con- 
formable sheets  in  association  with  the  Wissahickon  schist.  The  horn- 
blende schist  is  believed  to  be  an  altered  basic  igneous  intrusive,  hut  no 
petrographic  studies  of  this  rock  have  been  made.  The  rock  is  composed 
of  hornblende,  quartz,  and  feldspar,  chiefly  orthoclase,  the  hornblende 
accounting  for  nearly  50  percent  of  the  mass.  Owing  to  the  abundance 
of  the  hornblende,  the  rock  is  characteristically  a uniform  dark  gray  or 
green  in  color  in  all  exposures. 

Altered  ultrabasic  rocks.  Peridotite,  pyroxemte,  and  allied  ultrabasic 
Igneous  rocks  intrude  the  Wissahickon  schist  m a number  of  places  in 
southeastern  Pennsylvania.  Only  one  such  occurrence  is  shown  on  the 
geologic  map  (pi.  1),  but  others  undoubtably  exist  at  depth  within  the 
rock,  or  beneath  the  unconsolidated  deposits  that  cover  much  of  the 
formation.  Therefore,  the  following  discussion  is  not  restricted  to  Bucks 
County  but  is  intended  to  summarize  the  occurrence  of  the  ultrabasic 
rocks  in  adjacent  areas  as  well. 

The  original  ultrabasic  rocks  have  been  largely  altered,  and  the  original 
rock-forming  minerals  are  preserved  only  in  the  cores  of  some  of  the  larger 
dikes.  Serpentine  is  generally  the  principal  alteration  product,  but  in  a 
few  places  talc,  anthophyllite,  or  chlorite  is  dominant.  Associated  with 
the  serpentine  are  a great  variety  of  minerals,  some  of  which  are  relatively 
rare  to  the  area.  Tremolite,  hornblende,  actinolite,  epidote,  clinochlore, 
vermictillte,  pectolite,  breunnerlte,  quartz,  chalcedony,  opal,  chromite, 
steatite,  magnetite,  hematite,  limonite,  calcite,  and  corundum  commonly 
occur  as  primary  or  secondar}^  constituents  in  the  ultrabasic  dikes. 
Granite  gyieiss.  The  Wissahickon  schist  includes  granitized  zones  which 
are  generally  believed  to  represent  igneous  intrusions,  altbough  some  in- 
vestigators consider  them  to  be  metamorphic  facies  of  the  formation.  The 
rocks  of  this  type  range  in  composition  from  granite  to  granodiorite,  and 
in  texture  from  massive  to  schistose. 

Occurrences  of  the  granite  gneiss  in  Bucks  County  have  not  been 
adequately  described,  but  in  adjacent  areas  the  rock  is  commonly  a 
medium-  to  coarse-grained  porphyrltic  gneiss.  It  consists  chiefly  of  quartz, 
feldspar,  biotite,  and  hornblende.  The  gneissic  phase  is  predominant, 
but  this  may  give  way  to  massive  rock  with  distance  from  formation 
contacts.  Schistose  structure  is  common  near  the  contact  with  the  asso- 
ciated Wissahickon  schist. 
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Cambrian  System 

Cambrian  rocks  are  exposed  in  three  widely  separated  areas  in  Bucks 
County:  in  the  Durham  area  in  the  extreme  northern  corner  of  the 
county,  in  the  Buckingham  area  in  the  east-central  part  of  the  county, 
and  in  the  so-called  Langhorne  area  in  southeastern  Bucks  County.  The 
three  areas  are  similar  in  that  each  is  a narrow  belt  trending  approxi- 
mately northeast-southwest  and  each  is  bounded  on  the  south  by  a major 
thrust  or  normal  fault  along  which  vertical  displacement  has  brought  the 
Paleozoic  rocks  to  the  surface.  The  areas  differ  with  respect  to  the  thick- 
ness and  lithology  of  the  beds  exposed,  but  the  beds  are,  in  general, 
contemporaneous. 

llardyston  and  Chickies  quartzites.  The  Hardyston  and  Chickies  quartz- 
ites are  the  oldest  Paleozoic  sedimentary  formations  exposed  in  Bucks 
County.  Taken  together,  the  quartzite  formations  underlie  only  about 
7 square  miles,  approximately  1 percent  of  the  surface  area  of  Bucks 
County.  However,  they  are  the  most  easily  recognized  Paleozoic  rocks 
in  the  area. 

The  Chickies  quartzite  underlies  a narrow  belt  extending  entirely  across 
southern  Bucks  County  from  Trevose  through  Langhorne  to  Morrisville. 
ft  lies  also  at  the  southeastern  margin  of  the  Paleozoic  rocks  in  the 
Buckingham  area.  No  diagnostic  fossils  have  been  found  in  the  Chickies 
quartzite  in  Bucks  County,  but  it  is  believed  by  most  authorities  to  be 
of  Early  Cambrian  age,  on  the  basis  of  correlations  with  other  areas  where 
the  beds  are  fossiliferous.  It  is  a massively-bedded  vitreous  quartzite  in 
which  the  individual  quartz  grains  are  clear  white  or  blue.  The  formation 
weathers  to  a buff  or  gray  color.  The  tipper  part  of  the  formation  is 
locally  thin  bedded  and  weathers  to  a siliceous  clay. 

The  basal  part  of  the  Chickies  quartzite  is  formed  by  the  Hellam 
conglomerate  member,  which  consists  chiefly  of  elongated  blue  quartz 
pebbles  and  pink  feldspar  fragments  in  a matrix  of  granular  quartzite 
or  arkose. 

The  average  reported  thickness  of  the  Chickies  quartzite  in  southeastern 
Pennsylvania  is  about  400  feet,  but  this  figure  probably  does  not  include 
the  thickness  of  the  Hellam  member.  In  Bucks  County  the  observed 
thickness  of  the  Chickies,  including  the  Hellam  member,  ranges  from 
about  900  feet  in  the  Buckingham  area  to  about  1,300  feet  in  the  Lang- 
horne area.  In  both  the  Buckingham  and  the  Langhorne  areas  the  Chickies 
rests  in  normal  depositional  contact  on  crystalline  rocks  of  Precambrian 
age.  In  the  Buckingham  area  there  appears  to  be  a gradual  transition 
from  quartzite  into  the  overlying  limestone.  In  the  Langhorne  area  the 
top  of  the  Chickies  is  not  exposed.  The  Chickies  is  separated  from  the 
Wissahickon  schist  by  a thrust  fault. 

The  Hardyston  quartzite  occurs  in  the  physiographic  region  known 
as  the  Reading  Hills  in  the  northernmost  corner  of  Bucks  County.  It  is 
believed  by  most  authorities  to  be  contemporaneous  with  the  Chickies. 
but  paleontological  evidence  that  would  enable  positive  dating  and 
correlation  is  lacking. 

The  lithology  of  the  Hardyston  quartzite  is  similar  to  that  of  the 
Chickies  quartzite  except  that  no  well-developed  conglomerate  similar 
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to  the  Hellam  member  is  present  at  its  base.  Rather,  thm  beds  of  con- 
glomerate occur  throughout  the  Hardystou. 

The  structural  and  stratigraphic  mode  of  occurrence  of  the  Hardystou 
in  the  Reading  Hills  is  almost  identical  with  that  of  the  duckies  in 
the  Buckingham  area.  The  base  is  in  normal  sedimentary  contact  with 
the  underlying  crystalline  rocks  of  Precambnan  age  and  the  upper  contact 
is  generally  thought  to  be  transitional  into  the  overlying  limestone  of 
Cambrian  age.  It  is  bounded  on  the  south  by  a major  normal  fault 
which  separates  the  beds  of  Cambrian  age  from  beds  of  Triassic  age. 

In  the  Durham  area  the  Hard3^ston  quartzite  ranges  m thickness  from 
less  than  100  feet  to  about  300  feet.  This  conforms  with  the  general 
belief  that  the  quartzite  beds  of  Early  Cambrian  age  are  contemporaneous, 
but  that  the  aggregate  thickness  of  the  beds  increases  to  the  south  as 
the  result  of  the  addition  of  the  Hellam  member  to  the  sequence.  It  has 
been  theorized  that  the  quartzite  rocks  of  Earl\^  Cambrian  age  were 
deposited  during  the  first  invasion  of  Paleozoic  seas  into  the  Appalachian 
geosyncline. 

Ordovician  System 

Cocalico  phyllite.  The  Cocalico  phyllite  is  exposed  in  a small  triangular 
area  west  of  Furlong  in  Buckingham  Valle^L  It  is  a dark-colored  platy 
to  finely  laminated  rock  that  ranges  in  texture  from  phjdlite  to  slate.  In 
some  exposures  the  phyllite  exhibits  a faint  bedding  that  apparently 
dips  gently  to  the  north  beneath  the  sedimentar}"  rocks  of  Triassic  age. 

The  Cocalico  ph\dhte  is  in  fault  contact  with  limstone  of  Cambrian 
age  on  the  east,  and  with  shale  of  Triassic  age  on  the  south.  To  the 
north  and  west  it  unconformably  underlies  sandstone  of  the  Stockton 
lithofacies  of  Triassic  age.  Beds  of  the  Cocahco  ph\dlite  having  a 
stratigraphic  thickness  of  about  200  feet  are  exposed  in  the  area,  but  the 
total  thickness  of  the  formation  is  unknown,  as  neither  the  upper  nor 
the  lower  contact  is  exposed  in  the  area. 

Triassic  System 

Diabase.  Beds  of  Late  Triassic  age,  particularl}^  the  Brunswick  lithofacies, 
are  extensively  intruded  by  diabase,  popularly  known  as  traprock.  Diabase 
occurs  in  nearly  vertical  dikes  which  cut  across  the  bedding  of  the  sedi- 
mentary strata,  and  in  sills  which  commonly  are  conformable  with  the 
bedding.  As  the  diabase  has  greater  resistance  to  erosion  than  the  sedi- 
ments, It  form  conspicuous  ridges  where  dikes  are  exposed  and  prominent 
uplands  where  sills  are  exposed. 

The  lithology  of  the  diabase  is  remarkably  uniform  from  place  to  place. 
It  includes  nearly  equal  amounts  of  plagioclase  feldspar  and  augite,  and 
ilmenite,  quartz,  and  apatite  as  accessorj^  minerals.  Diabase  rocks  weather 
to  boulders  which,  when  exposed,  are  often  covered  with  a rust-colored 
oxidized  coat;  fresh  surfaces  are  greenish  gray  in  color  and  have  a 
conchoidal  fracture.  The  texture  of  the  diabase  varies  somewhat  accord- 
ing to  its  mode  of  occurrence.  In  the  thinner  dikes  the  rock  ma}"  be 
exceedingly  fine  grained,  but  the  larger  dikes  and  sills  consist  of  medium- 
to  coarse-grained  rock  that  closely  resembles  granite. 
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Rlic  diabase  intrusions  occurred  late  in  the  Triassic  period,  near  the 
end  of  the  Brunswick  deposition.  They  cut  rocks  that  range  in  age 
from  Precambrian  through  Triassic,  but  they  do  not  share  in  any  of  the 
crustal  movements  that  occurred  prior  to  the  Triassic  period. 

The  diabase  intrusives  are  correlative  at  least  in  part  with  basaltic 
lava  flows  that  are  interbedded  with  beds  in  the  upper  part  of  the 
Brunswick  lithofacies  in  central  New  Jersey.  The  diabase  and  balsalt 
probably  had  a common  magmatic  source.  They  are  chemically  identical 
and  differ  from  one  another  only  in  texture,  because  the  diabase  solidified 
before  reaching  the  land  surface. 

Water-Bearing  Characteristics  of  the  Crystalline  Rocks 

Although  the  crystalline  rocks  diflfer  greatly  m origin  and  in  most  of 
the  chemical  and  physical  characteristics  which  are  used  in  describing 
rocks,  their  basic  hydrologic  properties  are  generally  similar.  All  are 
dense,  massive  rocks  which,  in  their  original  state,  are  relatively  im- 
pervious to  water.  Essentially  all  ground  water  in  the  crystalline  rocks 
occurs  under  water-table  conditions  in  the  weathered  zone  near  the  land 
surface,  where  openings  resulting  from  faulting  and  jointing  have  been 
enlarged  by  frost  action,  the  roots  of  vegetation,  and  solution  of  the  rock- 
forming minerals  by  circulating  ground  water.  These  cavities  constitute 
only  a small  part  of  the  total  volume  of  the  rock,  but  they  provide  for 
the  storage  and  movement  of  considerable  quantities  of  ground  water. 

The  forces  of  weathering  are  most  effective  at  the  rock  outcrop.  With 
depth  the  water-bearing  cavities  decrease  in  size  and  number,  as  the 
weathered  material  grades  into  unaltered  rock.  The  weathered  zone  is 
thickest  in  areas  of  low  to  moderate  relief;  it  is  best  developed  in  valleys 
because  there  is  continuous  circulation  of  ground  water  in  the  vicinity 
of  streams,  which  are  the  principal  localities  of  natural  discharge  of 
ground  water.  The  weathered  zone  is  least  thick,  and  may  be  absent,  in 
areas  of  high  relief.  Judging  from  records  of  drilled  wells,  the  maximum 
thickness  of  the  weathered  material  commonly  does  not  exceed  about 
150  feet,  and  yields  of  wells  are  not  appreciably  increased  by  drilling 
below  that  depth.  Most  successful  wells  obtain  their  supplies  from  the 
zone  of  partly  weathered  rock  that  lies  between  the  disintegrated  rock 
at  the  land  surface  and  the  fresh  rock  at  depth.  A few  wells  are  reported 
to  obtain  water  from  depths  of  500  feet  or  more,  probably  from  faults, 
exceptionally  large  joints,  or  shattered  quartz  veins.  Successful  deep 
wells  are  the  exception,  however,  and  their  aggregate  yield  does  not 
constitute  an  appreciable  part  of  the  ground-water  supply. 

The  storage  coefficient  of  the  crystalline  rocks  is  in  the  low  range  of 
water-table  values.  It  probably  ranges  from  about  0.005  to  about  0.02. 
The  specific  capacity  of  wells  that  tap  the  crystalline  rocks  is  also  moder- 
ately low  to  very  low,  as  shown  m the  following  table  of  reported  specific 
capacities  of  wells. 


Average  Range  in 

Formation  Number  oj  wells  specific  capacity  specific  capacity 

Wissahickon  schist  8 1.70  0.17-5.0 

Gneiss  3 2.69  1.27-  5.29 

Quartzite  2 1.80  .23  - 1.67 
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From  an  analysis  of  the  hydraulic  characteristics  of  the  crystalline  rocks 
it  is  apparent  that  a typical  well  that  taps  these  beds  will  exhibit  ap- 
preciable drawdown  at  any  pumping  rate,  but  the  effect  of  the  withdrawal 
will  not  be  transmitted  any  great  distance  from  the  well,  probably  no 
more  than  a few  hundred  feet  in  most  localities,  unless  the  yield  and 
rate  of  pumping  are  high. 

In  some  areas  the  ground  water  may  be  semiconfined  m the  partly 
altered  rock  that  occurs  between  the  decomposed  material  at  the  surface 
and  the  fresh  rock;  or  it  may  be  confined  in  fault  zones  that  occur  at 
considerable  depth  in  the  fresh  I'ock,  or  in  the  weathered  rock  that 
underlies  the  unconsolidated  fill  in  the  valley  of  the  Delaware  River. 
The  upper  part  of  the  crystalline  rock  beneath  the  valley  commonly 
consists  of  decomposed  rock  that  serves  as  a confining  bed  on  the  under- 
lying partly  altered  rock.  Where  the  confining  bed  is  continuous  beneath 
the  unconsolidated  deposits,  the  water  in  the  crystalline  rock  has  a definite 
gradient  riverward  from  the  Fall  Line.  A few  wells  drilled  through  the 
valley  fill  into  the  crystalline  rock  have  flowed  at  the  surface.  In  most 
places,  however,  the  confining  bed  is  discontinuous  and  there  is  inter- 
change of  water  between  the  crystalline  and  unconsolidated  rocks.  In 
these  areas  the  water  level  m a well  that  taps  crystalline  rocks  is  about 
the  same  as  the  water  level  in  a nearby  well  that  taps  unconsolidated 
beds.  Occurrences  of  semiconfined  conditions  have  little  effect  on  the 
regional  hydrology  of  the  crystalline  rocks,  however,  because  their  influence 
is  local. 

The  crystalline  rocks  of  Precambrian  age,  particularly  the  gneisses, 
schists,  and  quartzites,  are  reliable  sources  of  small  to  moderate  supplies 
of  ground  water.  Little  is  known  of  the  water-bearing  characteristics  of 
the  Cocalico  phylhte,  but  it  appears  to  be  a less  favorable  source  of  water 
supply  than  the  other  crystalline  rocks.  The  reported  yields  of  wells 
that  tap  gneiss,  quartzite,  and  the  Wissahlckon  schist  are  summarized 
in  the  following  table. 


Range  in  yield  Average  yield 

Formation  Number  oj  wells  (gpm)  ( gpm) 

Wissahickon  schist 12  2 -200  45 

Gneiss  16  2 - 200  42 

Quartzite  31  1 - 125  38 


As  to  chemical  quality,  the  crystalline  rocks  of  Precambrian  age  yield 
the  most  desirable  ground  water  available  m Bucks  County.  I’he  water 
commonly  is  low  m dissolved  solids  and  hardness,  and  is  free  of  ohiection- 
able  mineral  matter  except  iron,  which  may  be  present  m concentrations 
that  exceed  the  generally  accepted  limit  of  0.3  part  per  million. 

Analyses  of  representative  samples  of  water  from  gneiss,  quartzite, 
and  the  Wissahickon  schist  are  given  in  table  2. 

Special  mention  should  be  made  of  the  water-bearing  characteristics 
of  diabase  because  it  underlies  a larger  area  of  Bucks  County  than  all 
other  crystalline  rocks  combined.  Diabase  is  the  poorest  aquifer  in  Bucks 
County — so  poor,  in  fact,  that  many  drillers  will  not  accept  contracts 
to  make  wells  in  this  formation.  The  thickness  of  the  weathered  zone  in 
diabase  seldom  exceeds  about  75  feet  and  probably  averages  no  more 
than  50  feet.  Wells  generalh^  obtain  their  yields  from  depth  of  50  feet 
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Table  2. — Analyses  of  Water  From  Crystalline  Rocks 
(Parts  per  million.  Numbers  correspond  to  numbers  in  tables  of  trell  data  for  the  counties) 


(•jlo)  s.m;Bro(IuiDX 


H<I 

(soquiojouu  ‘oSS  IB) 
aouB^anpiioa  oyiasdg 

o:^'Buoqi'B0-uo^^ 

ssdupjuq 

spijos 

paAiossiQ 

R^ON)  siBtliN 

(^j)  apiJoni^ 

(to)  aPitomo 

(’OS)  9P3Jtns 

(‘^OOH)  9iBnoqiT!3!a 

(N),  mnissBroa 

(BN)  uinipog 

(Srt)  uinisaiiSBK 

(BO)  tunpiBO 

uoai  ib:^oj. 

(9a)  noJi 

(CO'S)  B9[[!g 

9)Ba 

Location 

■ON  IPAV 


67 

55 

to 

CO 

58 

52 

CO 

in 

5.9 

lO 

to 

5.2 

6.1 

6.9 

5.3 

6.0 

76.3 

265 

CO 

176 

198 

67.9 

111 

1 

o 

s 

I— 1 

CO 

48 

14 

'll 

lr~ 

1—1 

o 

92 

s 

69 

S 

t- 

co 

C-l 

171 

246 

127 

154 

CO 

uo 

06 

CO 

25 

u 

1.9 

34 

CO 

00 

I— i 

o 

I— 1 

I— 1 

(M 

5.4 

40 

CO 

o 

00 

16 

5.5 

4.0 

9.1 

cc 

48 

1— i 

18 

1.6 

CO 

I-H 

o 

O'! 

o 

1 — 1 

o 

C-3 

38 

26 

CO 

40 

oi 

2.4 

-ji 

2.8 

CO 

(^5 

CO 

(M 

8.3 

1 

8.5 

-1" 

Ol 

o\ 

-ti 

LO 

r- 

9.9 

9.1 

3.6 

1 

8.3 

2.2 

4.0 

4.1 

rH 

Ol 

CM 

o 

'll 

4.5 

CO 

CO 

r^ 

C<1 

.04 

o 

CO 

lO 

.06 

1.3 

.03 

s 

.04 

s 

o 

o 

3 

g 

-rt* 

13 

12 

C5 

i-H 

20 

20 

20 

4-28-53 

9-8-53 

4-28-53 

CO 

m 

o 

1 — 1 
■4i 

1-21-54 

4-24-53 

4-24-53 

OKO  Plush  Co.,  Inc. 

Hi-tVay  Pool,  well  l . . . 

Prank  J.  Lotz  _ .. 

Hunter  Manufacturing  Corp., 
well  2 

Publicker  Industries,  Inc. 

Pairless  Hills,  well  5 _ _ 

Pairless  Hills,  well  7 

c-i 

o 

Bk-471 

Bk-488 

Bk-5S5 

Bk-498 

Bk-610 

(M 

1—1 

O 

PQ 

1 

CO 

CO 

MO 

in 

to 

CO 

CO 

X?- 

C<1 

CO 

lO 

in 

in 

CO 

I— 1 

CO 

to 

s 

o 

C-? 

rH 

rH 

o 

'll 

lO 

CO 

<M 

-n 

in 

CO 

05 

CO 

rH 

CO 

1 

1 

1 

I 

1 

1 

CO 

1 “ 

1 

05 

-H 

LO 

i CO 

1 CO 

1 

1 rH 

i 

I— 1 

o 

l 

1 

1 

1 

1 

1 

1 

o 

rH 

o 

o 

CO 

CO 

05 

rR 

j> 

rH 

rH 

lO 

00 

CO 

05 

O'! 

rH 

rH 

o 

O 

CO 

1—1 

TO 

CO 

CO 

CO 

O 

CO 

rH 

■o 

<M 

o- 

o 

t- 

o 

CO 

to 

o 

•di 

1 

1 

CO 

O 

I'- 

CM 

1 

t 

1 

1 

rH 

to 

1 

1 

05 

-11 

CO 

O 

1 

(M 

1—1 

1 

1 

1 

1 

I— 1 

I* 

1 

rH 

I-H 

1 

1 

1 

1 

.02 

.02 

I 

1 

1 

1 

1 

1 

t 

s 

S 

>JO 

CO 

CO 

rH 

rH 

rH 

rH 

CO 

in 

CO 

in 

to 

to 

s 

to 

CO 

rH 

CO 

-4 

05 

-4 

r ! 

f 

; 

• 1 

CO  1 

O ! 

1 

1 

O ! 

O 1 

Q 1 

(M 

to 

o 1 

o3  I 

^ 1 

? 

1 

O i 

1 ! 

P-,  1 

-P  I 

C3  1 

^ i 

CO  [ 

s 1 

o~^ 

O 

1 

^ ! 

1 

O 

o 

ttO  1 

G 1 

1 

^ I 

O 1 

<v 

^ 1 
a 1 

>>  1 

cS 

cc  ; 

o 

T} 

'a 

o 

s 

G 

o 

rH 

<D 

d 

a 

1— 

rrt 

"HI 

tUD'T' 

V S; 

C3  r* 

d 

C3 

H- 

p 

rH 

pq 

I'H 

CO 

o 

'■S 

-11 

s 

1 

pq 

m 

M 

pq 

18 


Quartzite 


lO 


Bucks  County  Ground  Water  Resources 

or  less,  and  the  maximum  depth  from  which  a well  in  diabase  in  the 
county  is  reported  to  obtain  water  is  125  feet.  I'he  capacity  of  diabase  to 
store  and  transmit  water  is  extremely  low,  and  many  wells  are  failures. 
No  specific-capacity  tests  are  available  for  wells  that  tap  diabase,  but 
the  average  specific  capacity  is  probably  only  a fraction  of  a gallon  per 
minute  per  foot  of  drawdown  of  water  level.  The  reported  yields  of  five 
wells  in  diabase  range  from  2 gpm  to  45  gpm  and  average  23  gpm.  How- 
ever, this  accounting  is  based  only  on  successful  wells.  If  failures  are 
included,  the  average  yield  of  wells  is  probably  less  than  5 gpm. 

The  water  from  the  diabase  generally  is  moderately  mineralized  and 
hard,  and  sometimes  has  objectionable  amounts  of  iron  in  solution.  Some 
samples  contain  relatively  high  concentrations  of  sulfate  and  have  corre- 
sponding high  noncarbonate  hardness.  Analyses  of  two  representative 
samples  of  water  from  diabase  are  given  in  table  2. 

Geology  of  the  Carbonate  Rocks 
Cambrian  System 

The  nomenclature  and  correlation  of  the  limestones  of  Cambrian  age 
in  Bucks  County  are  subject  to  technical  controversy.  Bascom,  Clark, 
Darton,  and  others  ( 1909)  mapped  the  entire  sequence  of  limestone 
deposits,  including  those  of  Ordovician  age,  as  a single  unit  which  they 
called  the  Shenandoah  limestone.  In  a later  investigation  Bascom,  Wherry, 
Stose,  and  Jonas  (1931)  subdivided  the  Shenandoah  limestone  in  the 
Buckingham  area  into  three  mappable  units  which  they  correlated  with 
the  Beekmantown  limestone,  of  Ordovician  age,  and  the  Conococheague 
and  Elbrook  limestones,  of  Cambrian  age.  Other  investigators  used  the 
names  Tomstown  or  Leithsville  in  place  of  Elbrook,  and  Allentown  in 
place  of  Conococheague.  Howell,  Roberts,  and  Willard  (1950)  took  ex- 
ception to  previous  interpretations  of  the  stratigraphic  sequence  of  the 
Cambrian  limestones  of  Bucks  County,  chiefly  because  the  beds  had  not 
been  systematically  traced  from  type  areas  into  eastern  Pennsylvania. 
They  proposed  the  following  local  terminology,  the  formational  names 
being  given  in  descending  order:  Allentown  (restricted),  Limeport,  and 
Leithsville.  The  Allentown  and  Limeport  in  this  restricted  definition 
are  equivalent  respectively  to  the  upper  and  lower  parts  of  the  Cono- 
cocheague limestone,  and  the  Leithsville  is  equivalent  to  the  Elbrook 
or  Tomstown  formations.  This  terminology  was  used  in  the  text  of  the 
report  on  Bucks  County  by  Willard,  McLaughlin,  Watson,  and  others 
(unpublished  manuscript);  but  on  their  geologic  map,  which  is  also  used 
for  this  report,  they  retain  the  nomenclature  of  Bascom,  Wherry,  Stose, 
and  Jonas  (1931)  for  the  Buckingham  area,  and  do  not  differentiate 
between  the  various  beds  in  the  Durham  area  except  to  show  two  narrow 
belts  of  the  Tomstown  formation  (Leithsville)  along  the  Triassic  border 
fault. 

In  view  of  the  obvious  uncertainty  regarding  the  identification  and 
correlation  of  the  Cambrian  limestones,  and  to  be  consistent  with  both 
the  accompanying  geologic  map  and  current  terminology  as  defined  by 
Willard,  McLaughlin,  Watson,  and  others,  the  formations  are  discussed 
below  as  shown  on  the  geologic  map. 
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Elbrook  (?)  limestone  (Leithsville,  Tomstoivn).  The  EIhrook  (?)  lime- 
stone occurs  in  both  the  Buckingham  and  Durham  areas  in  lEicks  County. 
It  is  undifferentiated  in  the  Durham  area  except  where  two  small  occur- 
rences of  equivalent  rocks  are  mapped  as  the  Tomstown  formation.  It  is 
light  blue  to  gray  in  color,  nonfossiliferous,  and  dolomitic;  and  it  includes 
some  beds  of  red  and  gray  shale.  I here  are  local  occurrences  of  black 
chert,  quartz  sand,  and  edgewise  conglomerate,  and  a few  of  the  beds 
show  mud  cracks  and  ripple  marks.  The  character  of  the  bedding  is  the 
chief  distinguishing  feature  of  the  formation.  It  has  a cyclic  stratigraphic 
sequence  from  thick,  massive  strata,  commonly  finely  laminated,  to  thin, 
shaly,  sericitic  layers.  Residual  soils  derived  from  the  latter  are  full  of 
shiny  mica  fragments. 

The  contact  between  the  Elbrook  ( ? ) limestone  and  the  underlying 
quartzite  is  rarely  exposed,  but  it  is  generally  believed  to  be  transitional. 
The  upper  contact  of  the  Elbrook  ( ? ) limestone  with  the  Conococheague 
limestone  is  probably  exposed,  but  it  cannot  be  defined  sharply  and  is 
also  believed  to  be  transitional.  As  the  upper  and  lower  contacts  are 
obscure,  the  thickness  of  the  Elbrook  ( ? ) limestone  is  difficult  to  de- 
termine, but  It  is  estimated  to  range  from  about  400  to  600  feet. 
Conococheague  limestone  (Allentozvn,  Limeport).  The  Conococheague 
limestone  is  exposed  in  both  of  the  limestone  belts  in  Bucks  County,  but 
it  is  mapped  as  a unit  only  in  the  Buckingham  area.  It  is  a massive, 
dense,  light-blue  to  gray  dolomitic  limestone  which  includes  numerous 
beds  of  sand  and  edgewise  conglomerate,  and  occasional  thin  layers  of 
shale.  Ripple  marks  and  mud  cracks  are  rare.  Large  exposures  commonly 
show  alternating  light  and  dark  bands  which  probably  reflect  slight  differ- 
ences in  the  chemical  composition  of  the  rock. 

The  Conococheague  is  the  only  fossihferous  limestone  in  Bucks  County. 
It  contains  several  species  of  Cryptozoa  which  m many  places  are  so 
abundant  that  they  constitute  the  principal  rock-forming  material.  These 
beds,  called  biostromes,  are  persistent  over  wide  areas  and  occur  through- 
out the  Conococheague.  Lhe  proposed  divisions  of  the  Conococheague 
limestone  into  the  Limeport  and  Allentown  { restricted ) is  based  largely 
on  paleontologic  data.  The  algal  forms  found  m the  lower  part  of  the 
Conococheague,  or  Limeport,  are  of  early  Late  Candnian  age,  whereas 
those  associated  with  the  upper  part  of  the  Conococheague,  or  Allentown 
(restricted),  are  of  late  Late  Cambrian  age.  Middle  Late  Cambrian  tune 
apparently  is  represented  only  by  an  erosional  break  in  about  the  middle 
of  the  Conococheague  limestone. 

The  thickness  of  the  Conococheague  m Bucks  County  ranges  from 
about  500  feet  in  the  Buckingham  area,  where  only  the  Limeport  occurs, 
to  about  900  feet  in  the  Durham  area  where  both  the  Limeport  and 
Allentown  occur.  The  lower  contact  is  transitional,  and  in  any  given 
exposure  it  is  identified  as  the  point  below  which  the  rhythmic  repetition 
of  bedding  of  the  Elbrook  ( ? ) limestone  gives  way  to  the  more  massive 
beds  of  the  Conococheague.  1 he  contact  of  the  Conococheague  limestone 
with  the  overlying  Beekmantown  ( ? ) limestone  is  similarly  obscure.  In 
the  Durham  area  the  contact  cannot  be  defined  because  the  Beekmantown 
( ? ) limestone  is  missing  from  the  section.  In  the  Buckingham  area  the 
local  occurrence  of  a bed  of  red  shale  at  the  top  of  the  Limeport  formation 
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IS  believed  to  mark  the  contact  of  Cambrian  and  Ordovician  rocks.  Where 
the  red-shale  bed  is  missing,  the  top  of  the  Conococheague  limestone 
cannot  be  identified  with  accuracy,  and  in  those  localities  it  is  commonly 
placed  above  the  sequence  that  includes  Cryptozoa  beds  and  zones  of 
alternating  light-  and  dark-banded  rock. 

Ordovician  System 

Beekmantow7i  (?)  limesto77e.  The  Beekmantown  ( .? ) limestone  overlies 
the  Conococheague  limestone  in  two  narrow  belts  along  the  northern  edge 
of  the  Buckingham  Valley.  It  is  a massive,  fine-grained  dolomitic  lime- 
stone generally  gray  to  blue  m color.  It  includes  some  distinctly  siliceous 
zones  and  occasional  thin  beds  of  shale,  and  it  is  devoid  of  fossils.  The 
Beekmantown  ( .? ) limestone  is  easily  differentiated  from  the  fossihferous 
underlying  limestones  of  Late  Cambrian  age  and  it  is  more  massive  and 
contains  less  sand  than  the  Conococheague  limestone. 

According  to  Willard,  McLaughlin,  Watson,  and  others  (unpublished 
manuscript)  the  Beekmantown  in  Buckingham  Valley  is  estimated  to  be 
about  1,000  feet  thick.  The  thickness  cannot  be  determined  accurately 
because  the  upper  and  lower  contacts  of  the  formation  are  difficult  to 
establish.  The  contact  with  the  underlying  Conococheague  is  discon- 
formable,  as  described  m the  discussion  of  the  limestones  of  Late  Cambrian 
age.  The  upper  contact  of  the  formation  is  concealed  beneath  the  over- 
lying Tnassic  sedimentary  rocks,  but  it  is  known  to  be  marked  by  a 
profound  unconformity. 

Water-Bearing  Characteristics  of  the  Carbonate  Rocks 

The  calcareous  rocks  are  similar  to  the  crystalline  rocks  in  that  they 
have  almost  no  primary  porosity.  But,  owing  to  earth  movements  and 
destructive  weathering  processes,  they  commonly  contain  numerous 
secondary  openings  in  the  weathered  zone  near  the  land  surface.  Solution 
is  the  chief  weathering  agent  in  calcareous  rocks.  Limestone  and  dolomite 
are  relatively  soluble  in  water  that  is  only  slightly  acid  in  reaction.  Rain- 
fall contains  carbon  dioxide  dissolved  from  the  atmosphere,  making  it 
a weak  carbonic  acid,  and  the  acidity  of  the  water  is  increased  by  solution 
of  more  carbon  dioxide  and  of  organic  acids  from  the  soil.  Thus  natural 
water  is  an  effective  solvent  of  carbonate  rock,  and  where  it  moves  along 
zones  of  weakness,  such  as  joints  or  faults  or  bedding  planes  m the 
calcareous  rock,  it  may  erode  solution  channels  or  openings  of  considerable 
size  and  extent.  The  occurrence  of  the  solution  openings  is  extremely 
irregular.  They  are  most  numerous  between  depths  ranging  from  50 
feet  to  about  300  feet,  but  some  wells  are  reported  to  have  penetrated 
large  openings  at  depths  of  more  than  1,000  feet.  However,  m Bucks 
County  it  is  seldom  practicable  to  drill  deeper  than  about  500  feet  in 
search  of  water  in  calcareous  rocks. 

Ground  water  occurs  m the  calcareous  rocks  under  both  water-table 
and  artesian  conditions.  Water-table  conditions  prevail  m the  shallow 
aquifers,  and  the  conditions  of  occurrence  resemble  those  in  the  water- 
table  aquifers  of  crystalline  rock,  except  that  the  calcareous-rock  aquifers 
probably  have  higher  coefficients  of  storage  and  permeability. 
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Ground  water  occurs  under  semiartesian  and  artesian  conditions  in  solu- 
tion openings  in  the  calcareous  rocks.  The  solution  channels  are  recharged 
from  the  overlying  water-table  aquifers,  or  from  sinks  (undrained  de- 
pressions) at  the  land  surface.  They  may  transmit  the  water  many  miles 
from  the  locality  of  recharge  to  points  of  discharge,  but  the  channels  may 
not  be  oriented  in  any  recognizable  pattern.  Their  occurrence  cannot  be 
predicted  in  advance  of  drilling;  consequently  it  is  often  necessary  to 
drill  several  wells  at  a selected  location  to  obtain  one  successful  supply 
well.  The  abundance  of  solution  openings  is  usually  greater  near  surface- 
drainage  lines.  In  limestone  terrane  the  surface  drainage  is  commonly 
controlled  by  the  concentration  of  subsurface  solution  openings.  There- 
fore stream  valleys,  topographic  depressions,  or  lines  of  sinkholes  are 
favorable  locations  in  which  to  drill  wells  in  limestone. 

The  coefficient  of  storage  of  calcareous  rock  aquifers,  except  near  the 
surface  where  water-table  conditions  prevail,  probably  ranges  from  about 
0.001  to  0.0001.  The  average  permeability  is  apparently  high.  No  records 
of  specific-capacity  tests  are  available  for  wells  in  Bucks  County  tapping 
limestone,  but  well  owners  commonly  report  high  yields  with  only  moder- 
ate drawdowns  of  water  level. 

Calcareous  rocks  display  perhaps  more  heterogeneity  in  their  hydrology 
than  any  other  rock  type.  From  the  calculated  hydraulic  characteristics 
of  an  aquifer  it  might  appear  that  a typical  well  would  exhibit  low  to 
moderate  drawdown  at  any  discharge  rate,  but  that  a decline  of  water 
level  as  an  effect  of  pumping  would  be  transmitted  rapidly  to  relatively 
distant  points  throughout  the  aquifer.  This  effect  does  occur,  of  course, 
but  it  is  seldom  transmitted  equally  in  all  directions — it  follows  the  courses 
of  the  interconnected  solution  openings  tapped  by  the  pumped  well. 
Consequently,  in  limestone  terrane,  two  nearby  wells  may  tap  different 
systems  of  openings  in  the  rocks.  Under  these  conditions,  there  is  little 
or  no  mutual  interference  between  the  wells  as  a result  of  pumping  from 
either. 

Successful  wells  in  areas  underlain  by  calcareous  rocks  supply  the 
largest  yields  obtained  from  wells  that  tap  consolidated-rock  aquifers 
in  Bucks  County.  Records  are  available  for  only  four  such  wells,  but 
they  range  in  yield  from  5 gallons  per  minute  to  750  gallons  per  minute, 
and  their  average  yield  is  over  350  gallons  per  minute. 

No  water  from  wells  tapping  calcareous  rocks  was  sampled  for  chemical 
analysis  in  connection  with  this  study.  The  following  discussion  of  the 
chemical  quality  of  water  in  limestone  aquifers  in  southeastern  Pennsyl- 
vania is  taken  from  Hall  (1934). 

“Analyses  were  made  of  a total  of  41  waters  obtained  from  limestone,  dolomite, 
and  marble,  chiefly  from  the  calcareous  formations  of  the  Cambrian  and  Ordovician 
systems.  Nearly  all  of  these  waters  are  fairly  high  in  total  dissolved  solids,  their 
mineral  contents  consisting  largely  of  the  bicarbonate  of  calcium  and  magnesium, 
which  give  them  considerable  hardness.  The  41  samples  ranged  in  total  solids  from 
75  to  889  parts  per  million  but  nearly  three-fourths  of  them  were  between  200  and 
500  parts  and  their  average  content  of  dissolved  solids  was  304  parts.  The  same 
samples  ranged  in  hardness  from  24  to  508  parts  per  million,  nearly  two-thirds  of 
them  having  between  100  and  250  parts  and  nearly  one-third  having  more  than 
250  parts  of  hardness.  They  showed  an  average  hardness  of  239  parts  per  million. 
The  limestone  waters  are  generally  low  in  iron,  only  2 of  the  41  samples  having 
more  than  1 part  per  million  and  over  half  of  them  having  less  than  one-tenth  of 
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1 part  per  million  of  this  undesirable  constituent.  Except  for  their  hardness  the 
limestone  waters  are  as  a rule  excellent  waters. 

Wells  deriving  their  water  from  solution  channels  are  liable  to  serious  contamination 
because  of  the  tapidity  with  which  the  water  moves  along  the  channels.  Care  should 
therefore  be  taken  in  choosing  a site  for  a well  that  is  near  sources  of  pollution.” 

Geology  and  Hydrology  of  the  Triassic  Rocks 

Rocks  of  Triassic  age  play  an  important  part  in  the  geology  of  the 
northeastern  Atlantic  seaboard  from  Nova  Scotia  to  North  Carolina.  The 
character  and  occurrence  of  the  deposits  are  remarkably  similar  through- 
out this  area.  All  the  Triassic  rocks  occur  in  structural  basins  elongated 
in  a north-south  or  northeast-southwest  direction.  In  general  they  consist 
of  thick  sequences  of  nonmarine  sediments,  predominantly  red  to  brown 
in  color.  The  sediments  are  intruded  by  diabase  dikes  and  sills  in  many 
areas,  and  the  upper  strata  are  commonly  interbedded  with  thick  flows 
of  basaltic  lava.  The  beds  frequently  occur  in  large  blocks  that  are  tilted 
and  separated  from  one  another  by  normal  faults.  The  underlying  rocks 
range  in  age  from  Precambrlan  to  Carboniferous,  but  they  are  always 
separated  from  the  Triassic  rocks  by  a profound  unconformity. 

The  Triassic  sedimentary  rocks  and  interbedded  lava  flows  constitute 
the  Newark  group,  which  was  named  for  exposures  in  the  vicinity  of 
Newark.  The  igneous  intrusives  also  are  of  Triassic  age,  but  because  they 
are  not  conformable  with  the  stratified  rocks,  they  are  not  included  as 
part  of  the  Newark  group,  and  are  at  least  in  part  of  later  origin. 

Newark  Group 

Owing  to  the  similarity  of  the  lithology,  structure,  stratigraphic  rela- 
tions, and  fossil  content  of  the  Triassic  rocks,  the  term  Newark  group  is 
applied  to  all  occurrences  of  these  rocks  m northeastern  North  America. 
However,  it  has  not  been  possible  to  subdivide  the  group  into  formations 
or  members  that  can  be  correlated  from  one  basin  to  another,  or  even 
throughout  any  of  the  larger  basins.  Deposition  was  largely  controlled 
by  local  environment,  and  similar  conditions  apparently  occurred  at 
different  times  in  different  areas. 

The  diabase  does  not  have  a name  common  to  all  areas  of  occurrence. 
It  may  carry  a local  name,  but  it  is  generally  referred  to  simply  as 
“traprock.” 

The  Newark  group  is  believed  to  be  of  Late  Triassic  age.  This  correla- 
tion is  based  in  part  on  paleontologic  data,  and  in  part  on  structural  and 
stratigraphic  evidence.  Fossil  plants  and  animals  correspond  within 
general  limits  to  European  forms,  but  it  has  not  been  possible  to  correlate 
equivalent  beds  in  the  European  and  American  strata.  The  Newark  group 
rests  unconformably  on  older  rocks,  and  it  shows  no  effects  of  the 
structural  deformation  that  occurred  at  the  end  of  the  Paleozoic  era.  On 
the  other  hand,  the  Newark  group  is  distinctly  older  than  the  Cretaceous 
deposits.  Rocks  of  the  Newark  group  were  intruded  by  diabase,  then 
faulted  and  tilted,  and  finally  peneplaned  before  deposition  of  Lower 
Cretaceous  sediments. 

Triassic  rocks  are  a dominant  feature  of  the  geology  of  Bucks  County. 
The  Newark  group  underlies  nearly  three-quarters  of  the  total  land 
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area,  and  diabase  dikes  and  sills  underlie  an  additional  tenth  of  the 
county.  Except  for  the  isolated  areas  of  Cambrian  rocks  in  the  Bucking- 
ham and  Durham  valleys,  the  Tnassic  deposits  form  the  land  surface  of 
all  Bucks  County  north  of  the  Precamhrian  border  near  Langhorne. 

The  Newark  group  and  associated  mtrusives  m Bucks  County  occur 
in  part  of  the  largest  belt  of  Triassic  rocks  in  northeastern  North  America. 
The  deposits  occur  m a broad,  downfaulted  intermontane  basin  that 
extends  from  southeastern  New  York  State  across  New  Jersey,  south- 
eastern Pennsylvania,  and  central  Maryland  into  northern  Virginia.  The 
belt  is  broadest  in  Bucks  County,  where  it  attains  a width  of  32  miles. 

In  Bucks  County  the  Newark  group  consists  chiefly  of  interbedded  red 
shale  and  red  sandstone,  with  subordinate  amounts  of  conglomerate, 
arkose,  and  argillite.  No  lava  flow's  have  been  identified  in  the  county, 
but  they  are  known  to  occur  to  the  west  in  Berks  County,  and  to  the 
east  in  New  Jersey. 

The  origin  of  sediments  of  the  New'ark  group  has  been  the  subject  of 
considerable  debate.  The  latest  studies  (McLaughlin,  unpublished  manu- 
script) indicate  that  they  are  products  of  the  erosion  of  uplands  that 
lay  to  both  the  north  and  the  south  of  the  outcrop  area  of  the  Triassic 
rocks.  Arkose  and  conglomerate  on  the  south  side  of  the  belt  were 
derived  from  the  crystalline  rocks  of  Precambrian  and  Cambrian  age  that 
bordered  the  basin  on  the  south.  Sandstone,  shale,  and  fanglomerate  on 
the  north  were  derived  from  the  sediments  of  Silurian,  Devonian,  and 
Mississippian  age  that  bordered  the  basin  on  the  north.  The  beds  are 
thickest  in  the  center  of  the  basin,  w'hich  probably  subsided  during  the 
period  of  deposition.  They  thin  toward  their  areas  of  origin.  On  the  side 
of  the  basin  opposite  from  their  sources  the  older  beds  pinch  out  against 
the  floor  of  the  basin,  and  the  younger  beds  overlap  the  older  rocks. 

In  the  basin  that  extends  from  Virginia  to  New  Jersey  the  great 
normal-fault  blocks  are  tilted  tow'ard  the  northwest,  and  in  Bucks  County 
most  of  the  Triassic  strata  dip  in  that  direction  at  angles  ranging  from 
5°  to  20°.  Folding  is  not  a prominent  feature,  but  near  the  large  faults 
drag  folds  occur  and  beds  have  dips  as  great  as  50°.  Beds  that  underlie 
the  large  intrusive  bodies  in  the  northern  part  of  the  county  are  warped 
into  gentle  synclinal  folds  w'hich  he  superimposed  on  the  regional 
monocline. 

Estimates  of  the  total  thickness  of  the  Newark  group  in  Bucks  County 
range  from  about  2,000  feet  to  more  than  12,000  feet.  The  higher  figure  is 
favored  by  most  investigators,  but  others  claim  that  repetition  of  strata 
due  to  faulting  gives  the  illusion  of  great  thickness  to  deposits  that  are 
no  more  than  2,000  feet  thick.  McLaughlin  (unpublished  manuscript) 
estimates  the  thickness  to  be  about  12,000  feet,  after  taking  into  account 
duplication  of  beds  caused  by  major  faults.  He  acknowledges  the  possi- 
bility of  some  error  due  to  undiscovered  minor  strike  faults,  but  he 
believes  possible  errors  to  represent  only  a small  percentage  of  the  total 
thickness,  because  there  has  been  no  significant  displacement  of  major  beds. 

Kummel  (1897)  subdivided  the  Newark  group  into  three  lithologic 
units.  They  are,  in  ascending  order,  the  Stockton  sandstone,  the  Locka- 
tong  black  argillite,  and  the  Brunswick  red  shale,  named  after  type 
localities  in  western  New  Jersey.  A fourth  rock  type,  the  border  conglomer- 
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ate,  was  identified  as  a facies  of  the  other  three  units.  The  divisions 
established  in  New  Jersey  are  applicable  in  Bucks  County,  but  a short 
distance  to  the  west  they  grade  into  a two-unit  group.  Each  division  of 
the  Newark  group  was  originally  designated  a series,  but  the  three  divi- 
sions have  since  been  redefined  as  formations  in  reports  of  the  United 
States  Geological  Survey.  In  describing  the  beds,  Kummel  recognized 
that  they  ate  interfingering  sedimentary  facies  which  represent  rapidly 
changing  conditions  of  local  deposition,  and  have  little  significance  as 
time  markers.  This  interpretation  was  expanded  considerably  by  Mc- 
Laughlin (unpublished  manuscrapt),  who  attributed  the  interfingering 
to  derivation  of  the  sediments  from  different  sources,  and  he  redefined 
the  unit  terms  as  lithofacies,  as  distinguished  from  formations,  which 
commonly  imply  temporal  limits.  As  geologic  and  hydrologic  studies  in 
Bucks  County  are  closely  related,  the  same  nomenclature  is  used  m this 
report.  The  individual  lithofacies  have  been  described  as  follows. 
Stockton  lithofacies.  The  Stockton  lithofacies  crops  out  in  two  areas  m 
central  and  southeastern  Bucks  County.  (See  pi.  1.)  The  southern  belt 
traverses  the  entire  county  in  a general  west-southwest  direction.  Its 
width  is  about  4 miles  at  the  Delaware  River,  but  it  increases  westward 
to  about  6 miles  at  the  Montgomery  County  line.  The  belt  is  bounded 
on  the  south  by  Precambnan  rocks  and  on  the  north  by  the  Lockatong 
lithofacies. 

The  central  belt  of  the  Stockton  lithofacies  trends  southwestward 
across  the  county  to  Chalfont,  where  it  is  cut  by  a large  normal  fault. 
The  belt  narrows  locally  where  the  fault  cuts  diagonally  across  it.  This 
central  belt  is  bounded  on  the  south  by  exposures  of  Paleozoic  rock  in 
the  Buckingham  area,  on  the  west  by  the  fault  which  separates  the 
Stockton  from  younger  Tnassic  rocks,  and  on  the  north  by  rocks  of  the 
Lockatong  lithofacies. 

The  Stockton  lithofacies  consists  of  light-colored  coarse-grained  arkosic 
standstone  and  conglomerate,  red  to  brown  fine-grained  siliceous  sand- 
stone, and  red  shale.  In  general,  arkosic  beds  are  more  characteristic 
of  the  Stockton  than  is  shale.  The  most  conspicuous  features  of  the 
beds  are  the  dominant  red  color  and  the  abundance  of  arkose  throughout 
the  section  except  in  the  uppermost  beds.  The  different  lithologies  are 
interbedded  in  no  regular  order  and  are  frequently  repeated.  Single  beds 
rarely  can  be  traced  for  any  appreciable  distance  along  an  outcrop.  They 
commonly  pinch  out,  or  grade  into  beds  having  different  textures  and/or 
compositions,  but  certain  sequences  of  beds  may  persist  for  many  miles. 
Some  of  the  thick  arkose  and  red  sandstone  beds  can  be  identified  at 
widely  separated  points. 

The  Stockton  lithofacies  weathers  to  an  undulating  topography  of 
moderately  low  relief.  Most  of  the  valleys  are  eroded  into  the  soft  red 
sandstone  beds,  whereas  the  uplands  are  underlain  by  more  resistant 
arkose.  Owing  to  the  irregular  character  of  the  bedding,  topographic 
features  are  not  commonly  oriented  in  any  systematic  pattern,  but  locally, 
as  in  the  central  belt  of  the  Stockton  exposures,  some  of  the  ridges 
parallel  the  strike  of  the  beds. 

The  rocks  of  the  Stockton  are  cut  by  a well-developed  system  of  joints 
and  are  extensively  faulted.  The  beds  commonly  show  ripple  marks,  mud 
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cracks,  and  raindrop  impressions.  Crossbedding,  lensing,  and  pinch-and- 
swell  structures  are  characteristic  features  of  the  bedding,  particularly 
in  the  arkose  and  conglomerate  deposits. 

At  any  exposure  the  Stockton  may  exhibit  every  gradation  in  texture 
from  arkosic  conglomerate  through  fine-grained  sandstone  to  red  shale. 
But  if  the  lithofacies  is  considered  m its  stratigraphic  entirety,  the  beds 
show  a gradation  in  texture  and  composition  from  coarse-grained,  arkosic 
materials  at  the  base  to  fine-grained  siliceous  materials  at  the  top. 
According  to  McLaughlin  (unpublished  manuscript)  the  local  inter- 
bedding of  arkose,  fine  sand,  and  shale  reflects  temporary  changes  in  the 
sources  of  the  sediments  to  the  individual  beds;  and  the  upward  gradation 
in  texture  reflects  a progressive  shift  in  the  locus  of  the  primary  source 
of  the  sediments  with  respect  to  the  basin  as  a whole.  Thus  the  local 
development  of  relatively  thin  interbedded  sediments  in  the  Stockton 
is  a replica,  on  a miniature  scale,  of  the  conditions  of  deposition  that 
resulted  in  formation  of  the  Newark  group. 

From  exposures  along  the  Delaware  River,  McLaughlin  (unpublished 
manuscript)  prepared  a composite  section  of  the  Stockton  lithofacies  for 
the  central  belt  of  occurrence.  Thicknesses  were  computed  largely  from 
dip  measurements,  but  were  verified  wherever  possible  by  vertical  sections 
exposed  in  quarries,  and  along  valley  walls.  Thus,  the  computed  thickness 
of  5,000  feet  is  believed  to  approximate  the  true  thickness  of  the  lithofacies. 
It  was  not  possible  to  prepare  a detailed  section  for  the  southern  belt 
because  of  the  scarcity  of  good  exposures.  However,  a sufficient  number 
of  dip  measurements  were  made  to  serve  as  a basis  for  estimating  the 
average  dip  to  be  8°,  from  which  the  thickness  was  computed  to  be 
about  3,OO0  feet.  The  apparent  thinning  toward  the  south  thus  determined 
supports  the  hypothesis  that  the  Stockton  lithofacies  thins  toward  a 
southern  source. 

In  Bucks  County  the  thickness  of  the  Stockton  lithofacies  is  relatively 
uniform  within  each  of  the  belts,  but  toward  the  west,  beyond  the  limits 
of  the  county,  the  Stockton  overlaps  older  crystalline  rocks  and  thins  to 
a minimum  of  about  1,000  feet  in  northern  Chester  County. 

The  Stockton  lithofacies  rests  unconformably  upon  older  rocks.  In  the 
southern  belt  it  overlies  the  Baltimore  gneiss  of  Precambrian  age.  In 
the  central  belt  it  overlies  Cambrian  and  Ordovician  limestone  and 
phyllite.  In  both  belts  the  Stockton  is  overlain  conformably  by  the 
Lockatong  lithofacies,  with  only  local  interfingering  of  beds  at  the  con- 
tact between  them. 

The  Stockton  lithofacies  is  the  best  bedrock  source  of  ground  water  in 
Bucks  County.  Weakly  cemented  coarse-grained  clastic  sediments  con- 
stitute a large  part  of  the  formation.  Ground  water  is  contained  in  inter- 
granular openings  in  the  clastic  sediments  where  the  cementing  material 
has  been  removed  by  weathering.  Thus,  the  occurrence  and  movement  of 
ground  water  in  the  Stockton  are  functions  of  the  degree  of  weathering 
of  the  rock.  The  effectiveness  of  weathering  decreases  with  depth,  and 
the  porosity  of  the  Stockton  has  a corresponding  decrease  with  depth, 
becoming  negligible  in  tbe  virgin  rock  below  the  weathered  zone.  The 
thickness  of  the  weathered  rock  varies  from  place  to  place  according  to 
the  topography,  but  it  probably  seldom  exceeds  about  500  feet,  and  it  is 
not  generally  worth  while  to  exceed  that  depth  in  drilling  for  water. 
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Ground  water  in  the  Stockton  lithofacies  commonly  occurs  under 
artesian  conditions,  chiefly  in  the  sandstone  and  conglomerate  beds  that 
are  interlayered  with  red  shale  throughout  the  formation.  In  some  areas 
the  artesian  pressure  is  apparently  a function  of  the  bedding,  the  shale 
constituting  the  confining  beds.  These  conditions  are  of  only  local  signifi- 
cance, because  the  bedding  is  so  lenticular  and  erratic  that  individual 
shale  beds  are  not  continuous  for  any  appreciable  distance,  along  either 
the  dip  or  the  strike  of  the  formation.  Furthermore,  the  dip  of  the  bedding 
is  so  steep — averaging  10  degrees  or  more — that  a selected  bed  is  not 
water  bearing  for  any  appreciable  distance  down  dip,  as  it  grades  into 
unaltered  rock  at  shallow  depth.  The  artesian  pressure  in  the  Stockton 
is  more  commonly  related  to  vertical  changes  in  permeability  that  occur 
in  the  formation.  The  cementing  material  is  apparently  less  susceptible 
to  solution  in  some  zones  than  in  others;  furthermore,  gradations  in  the 
texture  of  the  sediments  may  account  for  significant  vertical  changes  in 
permeability  in  the  section.  Thus  the  occurrence  and  movement  of 
ground  water  in  the  Stockton  lithofacies  is  largely  controlled  by  the 
configuration  of  the  base  of  the  weathered  zone  and  by  vertical  changes 
in  the  porosity  and  permeability  of  the  sediments.  Recharge  to  the  ground- 
water  reservoir  percolates  downward  in  localities  where  confining  layers 
are  absent,  joins  the  body  of  ground  water,  and  moves  laterally,  under 
hydrostatic  pressure,  toward  points  of  discharge.  The  competency  of  the 
confining  layer  and  the  rigidity  of  the  aquifer  are  reflected  in  the  low 
values  of  the  coefficient  of  storage  of  Stockton  aquifers.  Data  are  not 
abundant,  but  preliminary  tests  indicate  that  the  average  coefficient 
of  storage  probably  is  about  0.00001  or  0.00002,  a value  characteristic 
of  artesian  conditions.  The  coefficient  of  storage  is  undoubtably  higher 
in  some  of  the  beds  of  the  Stockton,  but  probabl)^  nowhere  does  it  exceed 
about  0.001. 

The  Stockton  lithofacies  has  a wide  range  in  permeability,  but,  con- 
sidered in  its  entirety,  it  probably  has  the  highest  average  permeability 
of  the  consolidated-rock  aquifers  in  Bucks  County.  Specific-capacity  tests 
for  23  wells  that  tap  the  Stockton  lithofacies  show  a range  in  values  from 
0.35  to  44  gallons  per  minute  per  foot  of  drawdown  and  an  average 
specific  capacity  of  5.95  gallons  per  minute  per  foot. 

In  accord  with  these  hydraulic  characteristics  of  the  aquifer,  a typical 
well  in  the  Stockton  might  have  either  a relatively  large  or  a moderately 
small  drawdown  at  a given  rate  of  discharge;  but  the  decline  in  water 
level  in  response  to  the  withdrawal  would  be  translated  rapidly  throughout 
the  aquifer  in  the  vicinity  of  the  well.  Therefore,  the  proper  spacing  of 
wells  is  especially  important  for  efficient  utilization  of  the  ground-water 
supply,  because  wells  that  are  too  closely  spaced  may  he  expected  to 
have  appreciable  mutual  interference,  resulting  in  loss  of  yield  and  in- 
creased operating  and  maintenance  costs. 

The  Stockton  is  the  most  reliable  source  of  water  for  industrial  and 
public  supply  in  the  upland  areas  of  Bucks  County.  Records  are  available 
for  91  wells  that  range  in  yield  from  2 gallons  per  minute  to  440  gallons 
per  minute  and  have  an  average  yield  of  78  gallons  per  minute. 

The  chemical  quality  of  the  ground  water  from  the  Stockton  cannot  be 
characterized  by  a single  typical  analysis.  It  commonly  contains  low  to 
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moderate  concentrations  of  dissolved  solids  and  hardness-forming  minerals, 
and  is  generally  low  in  iron  content.  Locally  the  water  may  be  relatively 
highly  mineralized  and  hard,  usually  because  of  larger  concentrations  of 
calcium  and  magnesium  associated  with  sulfate.  The  origin  of  the  sulfate 
IS  not  definitely  known,  but  it  is  probably  derived  from  the  mineral 
glauberite.  The  Stockton  rarely  yields  water  containing  objectionable 
amounts  of  iron,  and  in  general  the  water  is  satisfactory  for  most  uses 
without  treatment. 

The  temperature  of  the  water  ranges  from  about  53  °F  to  about  57° F, 
according  to  the  depth  of  the  well.  A few  higher  temperatures  have  been 
reported,  but  these  probably  result  from  storage  of  the  water  in  a 
standpipe  before  being  sampled,  and  do  not  reflect  conditions  in  the  aquifer. 

Data  on  the  quality  of  water  in  the  Stockton  lithofacies  are  given  in 
table  3. 

Lockatong  lithofacies.  The  Lockatong  lithofacies  crops  out  in  two  wide 
belts  that  trend  approximately  east-west  across  central  and  south-central 
Bucks  County,  and  in  a number  of  narrow  bands  north  of  each  belt  where 
it  interfingers  with  red  beds  of  the  Brunswick  lithofacies.  (See  pi.  1.) 
In  the  broad  belts  of  occurrence  the  Lockatong  is  generally  bounded  by 
the  Stockton  on  the  south  and  the  Brunswick  on  the  north,  but  in  some 
places  faults  have  brought  older  beds  into  contact  with  it.  The  banded 
outcrops  of  the  Lockatong  are  bounded  on  both  north  and  south  by 
beds  of  the  Brunswick. 

Argillite  of  the  Lockatong  is  a prominent  ridgemaker  in  Bucks  County. 
The  courses  of  the  smaller  streams  are  largely  controlled  by  the  heddmg; 
hence  the  outcrop  area  of  broad  belts  of  the  Lockatong  are  characterized 
by  broad  ridges  that  approximately  parallel  the  strike  of  the  argillite 
beds.  Where  interbedded  with  the  less  resistant  shale  of  the  Brunswick 
lithofacies,  the  Lockatong  tends  to  form  rather  distinct  ridges. 

The  houndary  between  the  Lockatong  and  Stockton  lithofacies  is 
commonly  marked  by  a sharp  change  m topographic  slope,  and  in  places 
by  a steep  escarpment,  the  upland  level  of  the  argillite  of  the  Lockatong 
being  as  much  as  200  feet  above  the  terrane  of  the  Stockton. 

The  Lockatong  consists  chiefly  of  dark-gray  to  black  thick-bedded 
argillite  (or  mudstone)  and  occasional  zones  of  thin-bedded  black  shale. 
Locally,  thin  layers  of  impure  limestone  or  calcareous  shale  are  present. 
The  upper  beds  of  gray  argillite  are  extensively  interbedded  with  dark 
red  argillite.  The  rocks  are  evenly  bedded  and  very  fine  grained;  coarse- 
grained sediments  are  almost  totally  lacking  except  in  the  lower  beds 
which  are  transitional  with  the  underlying  Stockton  lithofacies.  Small 
crystals  of  calcite  and  pyrite  are  numerous  in  some  of  the  argillite  beds 
and  absent  from  others.  Ripple  marks  are  rare,  but  mud  cracks  occur 
almost  everywhere  throughout  the  lithofacies. 

The  Lockatong  lithofacies  does  not  exhibit  the  chaotic  interbedding 
and  intergrading  of  deposits  of  different  textures  that  is  so  characteristic 
of  the  Stockton  lithofacies.  Many  individual  beds  or  sequences  of  beds 
can  be  traced  for  considerable  distances  along  the  strike.  McLaughlin 
(unpublished  manuscript)  has  used  the  more  persistent  strata  in  sub- 
dividing the  Lockatong  lithofacies  into  several  distinct  members  which 
can  be  recognized  to  the  west  in  Montgomery  County  and  to  the  east  in 
New  Jersey. 
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According  to  McLaughlin  (unpublished  manuscript),  by  “l.ockatong 
time”  all  the  sediments  deposited  in  the  basin  had  a common  provenance 
(source)  to  the  north.  The  Lockatong  lithofacies  is  believed  to  be  con- 
temporaneous with  the  lower  and  middle  beds  of  the  Brunswick  lithofacies, 
the  Lockatong  having  been  deposited  m the  center  of  the  basin  and  the 
Brunswick  along  the  margins.  The  red  beds  which  occur  in  the  upper 
part  of  the  Lockatong,  and  which  compose  almost  all  of  the  contempo- 
raneous Brunswick  beds,  are  the  product  of  a different  depositional 
environment  from  that  which  produced  the  dark-colored  argillite  of  the 
Lockatong.  The  sediments  of  both  the  Lockatong  and  the  Brunswick  were 
derived  from  red  muds.  Most  of  the  Lockatong  was  deposited  under 
reducing  conditions  m a lacustrine  or  swampy  habitat,  and  the  red  ferric 
iron  was  reduced  to  the  black  ferrous  variety.  Occasional  beds  m the 
upper  part  of  the  Lockatong  lithofacies,  and  virtually  all  the  Brunswick 
beds,  were  deposited  under  fluvial  conditions  and  remained  m the  red, 
oxidized,  state.  Lockatong  deposition  came  to  a close  when  the  increasing 
influx  of  red  sediments  engulfed  the  basin,  but  in  Brunswick  time  there 
were  brief  recurrences  of  lacustrine  conditions  which  are  marked  by 
the  occurrence  of  gray  shale  with  the  red  beds. 

Thus,  the  history  of  Lockatong  sedimentation  paralleled  that  of 
Stockton  sedimentation  in  that  temporary  changes  in  environment  during 
Lockatong  time  presaged  the  permanent  change  in  environment  at  the 
end  of  Lockatong  deposition.  The  change  in  environment  occurred  at 
different  times  in  different  parts  of  the  basin.  In  most  places  there  was 
no  sudden,  complete  change;  instead  there  were  oscillations,  both  locally 
and  regionally  and  betw'een  lacustrine  and  fluvial  conditions  which  resulted 
in  the  local  interbedding  of  sediments  of  different  color,  and  in  the  regional 
interfingermg  of  the  prominent  lithofacies. 

The  thickness  of  the  Lockatong  lithofacies  varies  from  place  to  place. 
McLaughlin  (unpublished  manuscript)  shows  four  measured  sections, 
two  from  each  of  the  broad  belts  of  the  Lockatong.  In  the  central  belt 
the  thickness  along  Tohickon  Creek  and  along  the  Delaware  River  is 
over  3,800  feet.  In  the  south-central  belt  the  thickness  of  the  Lockatong 
ranges  from  2,150  feet  along  the  Delaware  River  to  3,073  feet  along  Mill 
Creek.  The  Lockatong  lithofacies  apparently  is  thickest  in  the  central  belt. 

The  Lockatong  lithofacies  conformably  overlies  tbe  Stockton  lithofacies 
with  only  local  interfingering  of  beds.  The  top  of  the  Lockatong  litho- 
facies is  conformable  witb  the  overlying  Brunswick  lithofacies  but  the 
contact  is  transitional  and  marked  by  a thick  sequence  of  interbedded 
red  and  gray  shale.  From  the  center  of  the  basin,  which  approximately 
corresponds  with  the  central  belt  of  the  Lockatong,  the  Lockatong  litho- 
facies interfingers  with  and  grades  into  the  Brunswick  lithofacies.  North- 
eastward in  New  Jersey  and  westward  in  Berks  County,  where  the  Bruns- 
wick and  Stockton  lithofacies  are  m conformable  contact  with  one  another, 
the  Lockatong  is  entirely  absent  from  the  section. 

The  hydrology  of  the  Lockatong  lithofacies  is  comparable  to  that  of  the 
crystalline  rocks.  The  Lockatong  contains  both  fracture  and  solution 
porosity  where  it  has  been  faulted  and  jointed  and  exposed  to  tbe  forces 
of  weathering.  Ground  water  occurs  under  water-table  conditions  in 
tbe  secondary  openings,  as  far  down  as  the  base  of  the  weathered 
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In  general,  the  Lockatong  is  inferior  to  the  crystalline  rocks  as  a 
source  of  water.  The  capacity  of  the  Lockatong  to  store  and  transmit 
water  is  very  low.  The  specific  capacities  of  five  wells  for  which  records 
are  available  range  from  0.10  to  1.88  gallons  per  minute  per  foot  of 
drawdown  of  water  level  and  average  0.90  gallon  per  foot.  Reported  yields 
of  43  wells  that  tap  the  Lockatong  range  from  2 gpm  to  25  gpm  and 
average  10  gpm. 

The  water  in  the  Lockatong  characteristically  is  moderately  to  highly 
mineralized  and  hard,  but  it  is  generally  free  of  objectionable  quantities 
of  iron.  The  analyses  of  two  samples  given  in  table  4 are  representative 
of  water  in  the  formation  having  better  than  average  quality.  Hall  (1934) 
lists  analyses  of  7 samples  from  the  Lockatong.  The  concentration  of 
dissolved  solids  ranged  from  199  ppm  to  1,050  ppm  and  averaged  418  ppm; 
and  hardness  ranged  from  162  ppm  to  533  ppm  and  averaged  285  ppm. 
Despite  the  relatively  high  mineral  content,  the  water  from  the  Lockatong 
does  not  commonly  contain  objectionable  concentrations  of  any  constitu- 
ents except  the  hardness-forming  minerals.  It  is  used  for  domestic  and 
stock  purposes  without  treatment,  but  it  is  generally  softened  when 
used  for  industrial  or  public  supply. 


Tabl^  4.  Analyses  of  Water  From  the  Lockatong  Lithofacies 

(Parts  per  million.  Numbers  correspond  to  numbers  in  tables  of  well 
data  for  the  counties) 


Bk-274 

Bk-314 

Date  of  collection 

4-27-53 

4-22-53 

Silica  (SiOa)  _ . 

11 

14 

Iron  (Pe) _ - 

.04 

.04 

Total  iron  __  

.04 

.04 

Calcium  (Ca)  

47 

28 

Magnesium  (Mg)  

17 

15 

Sodium  (Na)  

12 

7.0 

Potassium  (K)  . ..  ..  

.8 

.6 

Bicarbonate  (HCOs)  

164 

120 

Sulfate  (SOi)  

61 

38 

Chloride  (Cl)  

11 

7.0 

Fluoride  (P)  

.1 

.0 

Nitrate  (NOs)  

1.4 

2.1 

Dissolved  solids  „ 

255 

229 

'I'utal  hardness  as  CaCOa  

187 

132 

Non-carbonate  . ..  

63 

33 

Specific  conductance  (at  25°C,  micromhos) 

307 

376 

pH 

Temperature  — 

7.4 

7.4 

53 

53 

Bk-274  Bucks  County  Neshaminy  Manor  Home 
Bk-314  Boy  Scouts  of  America,  Camp  Ockanickon 


Brunswick  lithofacies.  The  Brunswick  lithofacies  underlies  a larger  area 
of  Bucks  County  than  any  other  geologic  unit.  Its  area  of  outcrop  com- 
prises about  200  square  miles,  or  about  36  percent  of  the  total  land  area 
of  the  county,  and  is  about  equal  to  the  combined  outcrop  area  of  the 
Stockton  and  Lockatong  lithofacies. 

The  Brunswick  does  not  crop  out  in  wide  belts  that  cross  the  county 
in  the  manner  of  the  Lockatong  and  Stockton.  Owing  to  the  effects  of 
faulting,  intrusion  by  igneous  rocks,  and  interfingering  with  the  Lockatong, 
the  Brunswick  lithofacies  has  a heterogeneous  outcrop  pattern.  The  lower 
beds  of  the  Brunswick  occur  in  sinuous  bands  which  alternate  with 
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bands  of  the  Lockatong;  the  upper  beds  of  the  Brunswick  occur  in  a 
patchwork  of  irregularly  shaped  exposures  commonly  surrounded  by 
diabase. 

The  Brunswick  is  less  resistant  to  weathering  and  erosion  than  either 
the  interbedded  Lockatong  or  the  adiacent  diabase.  It  weathers  to  a 
gently  undulating  topography  characterized  by  broad,  shallow  valleys 
that  trend  parallel  to  the  strike  of  the  beds.  The  continuity  of  the  rolling 
terrane  formed  by  the  Brunswick  is  interrupted  by  low  ridges  formed 
by  shale  of  the  Lockatong  and  by  prominent  uplands  underlain  by  diabase. 

The  Brunswick  lithofacies  is  the  most  uniform  lithologic  unit  in  the 
Newark  group.  It  is  a sequence  of  monotonously  similar,  irregularly 
bedded  soft  red  argillaceous  shales  locally  interbedded  with  fine-grained 
red  sandstone.  The  lower  beds  of  the  Brunswick  in  the  zone  of  transition 
with  the  Lockatong  lithofacies  include  a considerable  thickness  of  thick- 
bedded  hard  red  argillite  and  occasional  beds  of  tough  gray  shale.  The 
argillite  grades  upward  into  typical  soft  red  shale,  and  near  the  top 
of  the  formation  there  are  rare  recurrences  of  the  more  resistant  Locka- 
tong-type  rocks. 

The  shale  of  the  Brunswick  lithofacies  does  not  display  a prominent 
cleavage,  but  it  contains  numerous  cracks  or  joints  which  are  commonly 
inclined  at  high  angles  to  the  plane  of  the  bedding.  Ripple  marks,  mud 
cracks,  and  raindrop  impressions  are  abundant  through  the  lithofacies. 

Near  the  northern  border  of  the  Triassic  basin  the  Brunswick  lithofacies 
commonly  contains  beds  of  fanglomerate  interbedded  with  the  red  shale. 
These  occur  from  the  bottom  to  the  top  of  the  formation  in  this  area, 
but  they  are  more  numerous  and  thicker,  and  contain  coarser-grained 
sediments,  in  the  upper  part.  A typical  occurrence  of  the  fanglomerate 
is  described  by  McLaughlin  (unpublished  manuscript)  as  follows; 

“The  transition  from  red  shale  and  sandstone  to  fanglomerate  is  gradual.  As 
a sandstone  bed  is  traced  north  towards  the  border,  at  first  a few  scattered  pebbles 
appear  in  it.  Farther  north  the  pebbles  are  more  numerous;  the  bed  thickens,  and 
additional  banks  of  conglomerate  appear.” 

The  conglomerate  consists  chiefly  of  well-rounded  quartzite  pebbles,  but 
pebbles  of  limestone  and  calcareous  sandstone  are  common.  In  some  places 
calcareous  material  is  so  abundant  that  the  rock  resembles  a limestone 
breccia. 

The  Brunswick  lithofacies  has  been  extensively  intruded  by  diabase 
dikes  and  sills.  Near  the  intrusive  bodies  the  shale  has  been  altered  to 
a hard,  dark-colored  hornfels  that  often  closely  resembles  the  argillite 
of  the  Lockatong.  The  apparent  width  of  the  altered  zone,  as  evidenced  in 
the  outcrop,  ranges  from  a few  feet  to  a mile  or  more,  but  the  true  width 
of  the  altered  rock  probably  never  exceeds  a few  hundred  feet.  The 
Brunswick  lithofacies  is  subdivided  (McLaughlin,  unpublished  manu- 
script) into  several  members  on  the  basis  of  differences  in  the  color 
and  lithology  of  the  sediments.  Some  of  the  members  can  be  traced  for 
considerable  distances,  but  others  vary  irregularly  in  thickness  and  are  not 
persistent  over  an  appreciable  area.  None  of  the  members  can  be  correlated 
between  different  areas  of  occurrence  of  the  Brunswick  rocks. 

The  Brunswick  is  the  thickest  of  the  Triassic  lithofacies  in  Bucks 
County.  Its  stratigraphic  thickness  is  about  9,000  feet  (McLaughlin, 
unpublished  manuscript),  but,  as  the  floor  of  the  basin  probably  shelves 
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toward  the  north,  in  no  one  place  should  the  total  thickness  he  present. 
However,  the  true  vertical  thickness  probably  equals  or  exceeds  6,000 
feet  at  some  places  in  the  county. 

The  relationship  between  the  Brunswick  and  the  underlying  Lockatong 
is  described  above  in  the  discussion  of  the  Lockatong  lithofacies.  In 
general,  the  Brunswick  lithofacies  conformably  overlies  the  Lockatong 
lithofacies,  but  the  lower  beds  of  the  Brunswick  extensively  interfinger 
with  an  appreciable  thickness  of  beds  of  the  Lockatong.  The  youngest 
beds  of  the  Brunswick  lithofacies  have  all  been  eroded  away  in  Bucks 
County.  In  the  valley  of  the  Delaware  River,  deposits  of  Pleistocene 
and  Recent  age  unconformably  overlie  the  shale. 

Eastward  into  New  Jersey  and  westward  into  Berks  County  the 
Brunswick  lithofacies  grades  along  the  strike  into  sandstone  and  con- 
glomerate. Northward,  toward  the  source  of  its  sediments,  the  Brunswick 
thins  along  the  bedding  and  grades  into  the  border-conglomerate  facies. 
In  many  places  the  northern  limit  of  the  Newark  group  is  determined  by 
faults,  but  in  some  areas  the  Brunswick  overlaps  Paleozoic  rocks.  The 
marginal  faults  probably  represent  local  post-depositional  movements, 
not  regional  movement  along  the  entire  northern  border  of  the  basin. 

The  Brunswick  lithofacies  contains  water  under  both  water-table 
and  semiartesian  conditions  in  the  weathered  zone  of  the  formation, 
which  may  extend  to  depths  of  600  feet  or  more.  A water-table  aquifer 
of  low  permeability,  comprising  the  highly  weathered  zone  of  the  formation, 
occurs  to  depths  of  about  250  feet;  and  one  or  more  rather  permeable 
artesian  aquifers,  consisting  of  beds  of  partly  altered  rock  rarely  more 
than  20  feet  thick,  occur  to  depths  of  about  600  feet.  In  both  types 
of  aquifers  the  saturated  voids  are  believed  to  be  vertical  joint  fractures 
enlarged  by  solution.  Ihe  water-table  aquifer  contains  many  more  frac- 
tures than  the  semiartesian  aquifers  but  the  near-surface  rocks  have 
been  so  thoroughly  decomposed  that  many  of  the  cracks  are  filled  with 
clay  residual  from  the  weathering  of  the  shale. 

The  water-table  aquifer  is  recharged  from  precipitation,  a part  of 
which  seeps  through  the  soil  mantle  to  the  water  table.  The  underlying 
seimiconfined  aquifers  are,  in  turn,  recharged  by  drainage  from  the  water- 
table  zone;  thus  the  total  supply  of  water  in  storage  is  essentially  that 
in  water-table  storage. 

Most  wells  in  the  Brunswick  lithofacies  tap  both  water-table  and 
artesian  aquifers,  and  their  yields  are  derived  in  part  from  both  sources. 
Consequently,  coefficients  of  transmissibility  and  storage  determined  by 
analysis  of  field  pumping  tests  are  meaningless,  as  they  represent  combined 
effects  of  withdrawals  from  aquifers  of  different  types.  Because  the 
semiartesian  aquifers  are  more  permeable  than  the  water-table  aquifer 
and  yield  much  less  water  from  storage,  the  artesian  pressure  tends  to 
decline  rapidly  with  pumping  and  there  results  a hydraulic  gradient 
downward  from  the  water-table  to  the  artesian  zone.  A typical  well 
may  have  a relatively  high  yield  when  drilled,  but  the  yield  declines 
as  the  water-table  aquifer  in  the  immediate  vicinity  is  unwatered.  The 
ultimate  yield  of  a well  is  related  to  the  saturated  thickness  of  water-table 
aquifer  it  penetrates,  and  the  rate  at  which  the  semiartesian  aquifers 
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Tamle  5.  Analyses  of  Water  from  the  Brunswick  Lithofacies 
(Parts  per  million.  Kumbers  correspond  to  numbers  in  tables  of  ’well  data  for  the  counlies) 
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it  taps  are  recharged  from  above.  The  history  of  drilled  wells  shows  that 
the  long-term  yield  of  a well  is  commonly  no  more  than  about  one-third 
of  the  initial  yield. 

The  Brunswick  is  an  important  source  of  water  for  domestic,  industrial, 
and  public  supply  in  Bucks  County.  It  underlies  more  than  one-third  of 
the  total  land  area  of  the  county,  and  is  everywhere  a reliable  source  of 
moderate  supply.  The  reported  yields  of  52  wells  for  which  records  are 
available  range  from  2 gpm  to  260  gpm  and  average  40  gpm. 

The  water  from  the  Brunswick  is  moderately  mineralized  and  moder- 
ately hard  to  hard,  but  it  does  not  contain  objectionable  amounts  of  any 
constituents.  Its  iron  content  is  negligible;  some  samples  contain  relatively 
large  amounts  of  sulfate,  perhaps  from  local  solution  of  the  mineral 
glauberite,  which  has  been  noted  in  the  rock,  but  the  concentration  is  not 
excessive. 

The  water  is  of  satisfactory  quality  for  most  uses  without  treatment. 
It  is  acceptable  for  public  supply  according  to  the  suggested  standards 
of  the  United  States  Public  Health  Service.  Except  for  the  silica  content, 
which  is  too  high  for  use  of  the  raw  water  in  high-pressure  steam  boilers, 
it  is  satisfactory  for  most  industrial  purposes.  The  temperature  is  nearly 
constant  and  ranges,  in  individual  wells,  from  about  50°F  in  shallow  wells 
(50-150  feet  deep)  to  about  55°F  in  deep  wells  (more  than  400  feet  deep). 

Chemical  analyses  of  representative  samples  of  water  from  the  Bruns- 
wick lithofacles  are  given  in  table  5. 

Geology  of  the  Unconsolidated  Rocks 

Unconsolidated  rocks  of  Fate  Cretaceous,  Pleistocene,  and  Recent  age 
occur  in  Bucks  County.  The  Pleistocene  and  Recent  sediments  occur  as 
terrace  remnants  and  valley-fill  deposits  in  the  major  stream  valleys. 
Cretaceous  beds  do  not  crop  out  in  Bucks  County,  but  they  underlie 
Quaternary  deposits  in  the  broad  valley  of  the  Delaware  River  between 
Morrisville  and  Andalusia. 

In  this  report  the  discussion  of  the  unconsolidated  rocks  is  confined  to 
the  Coastal  Plain  sediments  of  southeastern  Bucks  County.  In  the  Pied- 
mont region  unconsolidated  rocks  occur  only  as  a thin  veneer  on  the 
bedrock  floor.  Their  only  function  in  the  regimen  of  ground  water  occur- 
rence is  to  trap  precipitation  and  thus  to  facilitate  recharge  to  the 
underlying  rocks.  A detailed  description  of  these  deposits  and  of  the 
Pleistocene  history  of  Bucks  County  is  given  by  Peltier  (unpublished 
manuscript). 

Coastal  Plain  sediments  underlie  an  area  of  about  34  square  miles  in 
southeastern  Bucks  County  in  the  valley  of  the  Delaware  River  southeast 
of  the  Fall  Fine.  The  deposits  range  in  thickness  from  a featheredge  at 
the  Fall  Fine  to  about  200  feet  or  more  at  tbe  extreme  southeastern 
boundary  of  the  county.  The  unconsolidated  rock  formations  that  com- 
pose the  Coastal  Plain  sediments  in  Bucks  County  include,  in  ascending 
order,  the  Raritan  formation  of  Late  Cretaceous  age,  glacial  outwash  of 
Pleistocene  (probably  late  Wisconsin)  age,  and  alluvium  of  Recent  age. 
Following  are  descriptions  of  the  individual  rock  units. 
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Cretaceous  System 

Raritan  jormatioyi.  The  Raritan  formation  was  named  for  exposures  of 
alternating  beds  of  clay  and  sand  in  the  Raritan  Valley  in  Middlesex 
County.  In  that  area  the  formation  has  been  subdivided  on  lithologic 
grounds  into  several  distinct  members,  but  it  has  not  been  possible  to 
trace  the  individual  members  south  of  the  type  area  to  the  Delaware 
River  valley.  Similarly,  in  the  Raritan  Valley  the  formation  is  readily 
differentiated  on  the  basis  of  faunal  and  lithologic  evidence  from  the 
overlying  Magothy  formation,  which  also  is  of  Late  Cretaceous  age.  The 
two  formations  are  indistinguishable  in  the  Delaware  River  Valley  and 
are  commonly  mapped  as  a single  unit.  In  this  report  the  Magothy  and 
Raritan  formations  are  undiffentiated,  and  all  Upper  Cretaceous  deposits 
in  the  area  are  considered  to  be  the  Raritan  formation. 

The  Raritan  formation  is  composed  of  alternating  beds  of  clay  and 
sand,  or  gravel.  The  clay  ranges  in  color  from  white  or  cream  through 
light  gray  to  dark  gray  and  brick  red.  The  composition  varies  from  sandy 
and  lignitic  clay,  which  commonly  contains  nodules  of  iron  sulfide,  to 
even-textured,  white-burning,  highly  refractory  clay.  The  sand  and  gravel 
of  the  Raritan  is  characteristically  light  colored,  chiefly  white  or  light 
gray,  but  yellow-  or  red-colored  beds,  in  which  the  color  is  due  to  the 
presence  of  small  quantities  of  iron  oxide,  are  not  uncommon.  The  clastic 
sediments  range  in  shape  and  texture  from  stibangular  to  angular  coarse 
sand  and  gravel  to  well-rounded  medium-  and  fine-grained  sand.  The 
coarse  materials  predominate,  but  the  deposits  are  poorly  sorted  and 
many  are  mixtures  of  sand,  gravel,  and  clay. 

The  individual  beds  of  the  Raritan  formation  show  little  areal  con- 
tinuity. The  deposits  are  apparently  lenticular  in  shape,  and  in  general 
it  is  difficult  to  correlate  beds  from  one  borehole  to  another,  even  where 
the  holes  are  closely  spaced.  In  Bucks  County  the  Raritan  formation 
consists  of  nonmarme  beds,  hut  marine  fossils  have  been  found  in  at 
least  one  clay  member  in  the  Raritan  Valle}'.  The  beds  apparently  were 
laid  down  in  an  estuarine  environment  which  was  subject  to  relatively 
abrupt  changes  in  the  conditions  of  sedimentation  due  to  oscillations  of 
sea  level. 

The  Raritan  formation  occupies  the  interval  between  the  crystalline- 
rock  floor  and  the  overlying  Pleistocene  materials.  The  beds  dip  toward 
the  southeast  at  an  average  rate  of  about  60  feet  to  the  mile,  which  is 
about  equal  to,  but  slightly  less  than,  the  slope  of  the  bedrock  floor.  In 
Bucks  County,  the  upper  surface  of  the  Raritan  formation  is  not  a dip 
surface — rather,  it  is  the  beveled  edge  of  the  tilted  strata.  Consequently 
it  does  not  exhibit  the  regional  dip  of  the  formation;  instead,  the  highest 
points  on  the  surface  occur  at  a relatively  uniform  altitude  throughout 
the  area. 

The  Raritan  formation  ranges  in  thickness  from  a thin  veneer  on  the 
crystalline  bedrock  at  the  Fall  Line  to  1.^0  feet  or  more  at  the  extreme 
southeast  corner  of  the  county,  where  the  Delaware  River  makes  a sharp 
bend  to  the  southeast.  The  thickness  of  the  formation  varies  considerably 
from  place  to  place,  even  along  the  strike  of  the  beds.  The  variation 
may  be  attributed  to  the  pre-Raritan  and  post-Raritan  erosional  history. 
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1 he  bedrock  floor  on  which  basal  sediments  of  the  Raritan  were  deposited 
presented  an  irregular  surface  which  permitted  greater  accumulations  of 
sediments  in  some  areas  than  m others.  Similarly,  the  upper  surface  of 
the  Raritan  formation  was  made  uneven  by  the  scouring  of  the  ancestral 
Delaware  River  during  Pleistocene  time.  In  general  the  beds  tend  to  ' 
thicken  in  a down-dip  direction.  However,  as  the  configurations  in  the  ; 
upper  and  lower  surfaces  of  the  formation  are  unrelated,  and  are  not  : 
oriented  in  any  recognized  pattern,  it  is  not  possible  to  predict  with 
accuracy  the  thickness  at  a given  location  by  interpolation  between  points  i 
of  known  thickness. 

I he  Raritan  formation  is  in  unconformable  contact  with  both  the 
underlying  crystalline  rocks  of  Precambrian  age  and  tbe  overlying  valley- 
fill  sediments  of  Pleistocene  age.  Neither  contact  is  exposed  in  Bucks 
County,  but  they  have  been  penetrated  by  boreholes  in  many  places. 

Tbe  lower  contact  is  readily  recognized  in  drill  cuttings.  The  Raritan 
formation  is  underlain  by  decomposed  schist  which  is  identified  by  the 
abundance  of  mica  in  the  formation  samples.  The  top  of  the  Raritan 
formation  is  not  so  well  defined.  The  upper  contact  is  commonly  drawn 
at  the  top  of  the  first  conspicuous  fine-grained  bed  that  occurs  below  the 
typical  coarse-grained  Pleistocene  beds.  Where  the  hard,  dense  clay  of 
the  Raritan  occurs  the  contact  is  well  marked,  but  in  many  places  sand 
and  gravel  of  the  Raritan  immediately  underlie  Pleistocene  beds  and  the 
contact  is  obscure. 

Quaternary  Deposits 

Valley-fill  sediments  of  Quaternary  age  overlie  the  Raritan  formation 
m the  Coastal  Plain  area  of  Bucks  County.  They  consist  of  glacial  out- 
wash  of  Pleistocene  (Wisconsin)  age  and  alluvium  of  Recent  age  which 
were  deposited  in  the  scour  channel  of  the  ancestral  Delaware  River.  The 
Pleistocene  deposits  constitute  nearly  all  the  valley-fill;  Recent  alluvium 
comprises  only  the  thin  stirficial  flood-plain  deposits.  As  the  Pleistocene 
and  Recent  deposits  are  lithologically  and  hydrologically  indistinguish- 
able, they  are  described  as  a single  geologic  unit  in  this  report. 

The  valley  fill  consists  chiefly  of  stream-laid  deposits  of  brown  to  gray 
coarse  sand  and  gravel  and  subordinate  amounts  of  clay,  silt,  and  fine- 
to  medium-grained  sand.  It  is  a mixture  of  coarse-textured  sediments  of 
local  origin  and  fine-textured  sediments  of  remote  origin  which  were 
transported  to  the  area  by  glacial  melt  waters.  Most  of  the  material  is 
poorly  sorted,  but  some  even-textured  deposits,  principally  of  fine  grain 
are  found. 

The  lithology  of  the  glacial  outwash  varies  greatly  from  place  to  place. 
The  deposits  are  erratically  interbedded  and  there  is  no  recognizable 
pattern  or  sequence  of  deposition,  except  that  the  materials  commonly 
are  coarser  textured  with  depth.  There  is  no  well-defined  horizon  that 
is  persistent  throughout  the  area,  and,  in  general,  individual  beds  cannot 
be  correlated,  even  between  closely  spaced  wells. 

The  valley  fill  ranges  in  thickness  from  a featheredge  at  the  Fall  Line 
to  80  feet  or  more  in  the  deep  parts  of  the  buried  channel.  The  thickness 
varies  also  with  irregularities  in  the  Cretaceous  erosional  surface  described 
in  the  previous  section. 
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Water-Bearing  Characteristics  of  the  Unconsolidated  Rocks 

The  unconsolidated  sediments  contain  ground  water  under  both  water- 
table  and  artesian  conditions.  The  water-table  aquifer  comprises  the 
valley  fill  deposits  of  Recent  and  Pleistocene  age;  artesian  conditions 
occur  in  the  underlying  Cretaceous  sediments  where  beds  of  sand  or 
gravel  lie  beneath  the  dense  clay  bed  that  marks  the  top  of  the  Raritan 
formation.  Locally  the  confining  bed  may  be  absent,  and  m these  places 
water-table  conditions  prevail  to  the  base  of  the  unconsolidated  deposits. 

The  unconsolidated-rock  aquifers  are  favorably  situated  with  respect 
to  recharge.  Under  virgin  conditions  the  natural  slope  of  the  h3Tlratilic 
gradient  was  riverward,  and  essentially  all  recharge  to  the  water-table 
aquifer  was  derived  from  local  precipitation  or  from  subsurface  drainage 
from  the  upland  Piedmont  region  that  lies  to  the  northwest.  These 
remain  the  chief  sources  of  recharge,  but,  with  development  of  the  area, 
an  added  increment  of  recharge  has  been  derived  as  induced  infiltration 
from  the  adjacent  river.  Induced  infiltration  exists  where  there  is  local 
reversal  of  the  initial  slope  of  the  hydraulic  gradient  in  response  to  large 
withdrawals  from  wells.  The  artesian  aquifers  are  insulated  from  the 
river,  and  they  do  not  crop  out  along  the  valley;  but  they  are  recharged, 
as  in  the  past,  by  upward  movement  of  water  through  the  crystalline 
rocks,  and  by  downward  percolation  from  the  water-table  aquifer. 

The  unconsolidated  rocks  are  the  sources  of  the  largest  and  the  most 
reliable  ground-water  supplies  in  Bucks  Count^L  The  aquifers  are  highly 
permeable  and  those  under  water-table  conditions  have  a high  coefficient 
of  storage.  The  coefficient  of  storage  of  the  water-table  aquifer  probably 
ranges  from  about  0.05  to  0.30  or  more.  The  coefficients  of  storage  of 
the  artesian  aquifers  probably  range  from  about  0.0001  to  0.001,  but  the 
area  of  influence  resulting  from  local  withdrawals  does  not  extend  far 
from  a typical  well  because  of  the  discontinuous  nature  of  the  confining 
bed,  which  permits  local  recharge  from  the  overlying  water-table  aquifer. 

The  specific  capacities  of  19  wells  for  which  test  records  are  available 
range  from  3.33  gallons  per  minute  per  foot  of  drawdown  to  44  gallons 
per  minute  per  foot  and  average  23  gallons  per  minute  per  foot.  The 
reported  yields  of  43  wells  that  tap  the  unconsolidated  sediments  range 
from  10  gpm  to  1,050  gpm  and  average  304  gpm. 

The  water  in  the  unconsolidated  rocks  commonly  has  a low  concentra- 
tion of  dissolved  solids,  is  generally  soft,  and  is  moderately  acidic  in 
reaction.  The  only  mineral  constituents  present  in  objectionable  quantities 
are  iron,  which  is  a problem  in  relatively  few  well-water  supplies,  and 
nitrate,  which  is  high  m a few  wells.  The  occurrence  of  water  of  high 
iron  content  is  erratic  and  unpredictable,  but  the  iron  is  believed  to  be 
derived  largely  from  zones  in  the  glacial  outwash  in  the  water-table 
aquifer.  However,  artesian  water  supplies  have  been  contaminated 
locally  as  a result  of  leakage  from  the  water-table  aquifer  induced  by 
pumping.  Except  for  the  supplies  that  contain  excessive  amounts  of  iron, 
ground  water  from  the  unconsolidated  deposits  can  be  used  for  almost 
any  purpose  without  treatment. 

Supplies  in  the  water-table  aquifer  that  are  in  part  recharged  bj”- 
infiltration  from  the  Delaware  River  show  a progressive  change  in  qualitv 
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Table  6.  Analyses  of  Water  From  Unconsolidated  Rocks 
(Parts  per  million.  Numbers  correspond  to  numbers  in  tables  of  well  data  for  the  counties) 
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Bucks  County  Ground  Water  Resources 

toward  that  of  the  river,  until  equihhnum  is  reached  between  the  sources 
of  recharge.  Some  improvement  in  the  quality  of  the  ground  water  results 
from  this  because  the  river  water  commonly  has  a lower  concentration 
of  dissolved  constituents.  Such  conditions  are  not  widespread  at  the 
present  time,  but  with  continued  development  of  the  area  induced  infiltra- 
tion will  become  an  important  factor  in  maintaining  the  high  yields  and 
excellent  quality  of  ground  water  from  the  unconsolidated  deposits,  so 
long  as  the  river  water  remains  of  good  quality. 

The  temperature  of  the  ground  water  in  the  unconsolidated  deposits 
ranges  from  about  53 °F  to  55°F  except  where  influenced  by  artificial 
factors  or  by  recharge  from  nearby  streams.  The  eflfect  of  river  infiltration 
IS  to  increase  the  range  of  fluctuation  of  the  temperature  of  ground  water. 
The  temperature  fluctuation  of  the  ground  water  follows  a cycle  that  is 
similar  to,  but  has  less  amplitude,  than  that  of  the  river  water.  It 
generally  lags  several  weeks  to  several  months  behind  that  of  the  river. 
The  temperature  of  water  from  wells  that  tap  unconsolidated  deposits  in 
Bucks  County  is  reported  to  fluctuate  through  a maximum  annual  range 
of  15°F,  from  47°F  to  62°F. 

Data  on  the  quality  of  water  in  the  unconsolidated  deposits  are  given 
m table  6. 

WFFHDRAWALS  FROM  WELLS 

Fhe  average  daily  use  of  ground  water  in  Bucks  County  was  about  25.5 
million  gallons  per  day  in  1953.  Withdrawals  for  industrial  use  accounted 
for  about  12  million  gallons  a day,  most  of  which  was  pumped  from  the 
unconsolidated  deposits  in  the  southeastern  part  of  the  county.  With- 
drawals for  private  supplies  for  domestic,  stock,  and  other  nonindustrial 
purposes  amounted  to  about  4.5  mdlion  gallons,  most  of  which  was 
obtained  from  consolidated-rock  aquifers. 


Public  supply 

Population 

served 

Average  daily 
pumpage 
(mgd) 

Geologic  source 

Bristol  

2 5 Ann 

3.5 

Unconsolidated  deposits 

Chalfont  

830 

.07 

Lockatong  lithofacies 

Cornwells  Heights  

.02 

Wissahickon  schist 

Doylestown  

5,500 

.44 

Stockton  lithofacies 

halls  Township  

1,0 

Unconsolidated  deposits 

Lacey  Park  

6,000 

.20 

Stockton  lithofacies 

Langhorne  

6,500 

.48 

Baltimore  gneiss 

Newtown  

2 500 

.24 

Stockton  lithofacies 

Parkland  

, . . 860 

.04  1 

Chickies  quartzite 

Baltimore  gneiss 

Perkasie  

4,400 

.20 

Brunswick  lithofacies 

Quakertown  

6,000 

.36 

Brunswick  lithofacies 

Richlandtown  

760 

.01 

Unconsolidated  deposits 

Rieglesville  

900 

.15 

Bvrain  granite  gneiss 

Sellersville  

2,300 

.03 

Brunswick  lithofacies 

Springtown  

. no 

.02 

Byram  granite  gneiss 

Telford  

2,300 

.12 

Brunswick  lithofacies 

Truinbauersvdle  

176 

.02 

Brunswick  lithofacies 

Tullytown  

. 11,300 

1.68 

Unconsolidated  deposits 

Llpper  Southampton 

1,680 

.07 

Stockton  lithofacies 

Yardley  

5,750 

.33 

Stockton  lithofacies 
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Availability 


Withdrawals  for  public  supply  averaged  about  9 niillioii  gallons  a day 
This  quantity  was  pumped  by  21  water  companies  serving  about  83,000 
people.  Public  water-supply  systems  in  Bucks  County  that  use  ground 
water  are  listed  in  the  following  table,  which  includes  data  on  population 
served,  average  daily  pumpage,  and  geologic  source  of  the  supply. 

WATER-LEVEL  ELUCTUATIONS 

Ground-water  levels  seldom  remain  stationary;  they  rise  and  fall  with 
changes  in  the  amount  of  water  stored  m the  subsurface  reservoirs. 
These  fluctuations  may  reflect  both  natural  and  man-made  changes  m 
the  rates  of  discharge  and  replenishment.  The  man-made  effect  of  diver- 
sion of  ground  water  is  locally  superimposed  upon  natural  fluctuations 
which  occur  m response  to  seasonal  variations  m precipitation,  evaporation, 
and  transpiration,  or  variations  m river  levels  or  barometric  pressure. 

In  the  consolidated-rock  aquifers  of  Bucks  County  ground-water  levels 
are  most  affected  by  variations  in  recharge,  which  in  turn  are  related  to 
rates  of  evapotranspiration.  Other  factors  vary  only  slightly;  precipita- 
tion is  fairly  evenly  distributed  throughout  the  J^ear,  and  recharge  from 
streams,  or  withdrawals  by  man,  are  of  only  local  significance.  Ground- 
water  levels  are  highest  m early  spring,  after  the  period  of  maximum 
recharge  and  of  minimum  loss  of  water  by  evapotranspiration.  They  are 
lowest  in  early  fall,  at  the  end  of  the  growing  season,  after  a protracted 
period  of  high  evapotranspiration,  virtually  no  recharge,  and  continued 
natural  drainage  of  ground  water  into  streams. 

In  the  unconsolidated  deposits  adjacent  to  the  Delaware  River  m 
southeastern  Bucks  County,  ground-water  levels  are  affected  chiefly  by 
evapotranspiration,  withdrawals  from  wells,  and  tidal  fluctuations  of  river 
level.  Seasonal  fluctuations  are  not  so  pronounced  as  m the  consolidated 
rocks  of  the  upland  areas  because  the  river,  which  is  a tidewater  stream, 
has  a relatively  constant  mean  stage  and  subdues  the  annual  cyclic 
trend  by  providing  recharge  to  the  unconsolidated-rock  aquifers.  Elow- 
ever,  wells  located  close  to  the  river  may  show  relatively  large  diurnal 
fluctuations  of  water  level  m response  to  the  6-foot  tidal  fluctuation  in 
the  river. 

A graph  of  the  average  monthly  precipitation  computed  for  two  stations 
in  Bucks  County  for  the  period  May  1953  to  Eebruary  1955  is  shown  on 
plate  2 with  hydrographs  for  five  wells  in  the  county.  The  precipitation 
is  graphed  as  the  average  recorded  at  United  States  Weather  Bureau 
stations  at  George  School  and  Quakertown.  The  hydrographs  showing 
water  levels  in  wells  are  representative  of  four  different  geologic  forma- 
tions, as  follows:  Bk-666 — Wissahickon  schist;  Bk-295  and  Bk-372 — 
Stockton  lithofacies;  Bk-147 — Brunswick  hthofacies;  and  Bk-628 — un- 
consolidated sediments.  Well  Bk-666  is  not  shown  on  the  well-location 
map  (pi.  1);  however,  its  location  may  be  determined  from  its  well- 
location  number.  It  is  situated  approximately  0.2  mile  northeast  of  well 
Bk-481  in  the  vicinity  of  Andalusia,  in  the  extreme  southwestern  part  of 
the  county.  The  graphs  show  that  precipitation  has  little  immediate  effect 
upon  ground-water  levels;  and  also  that  there  has  been  no  regional 
decline  of  water  level  during  the  period  of  record,  despite  the  increased 
demands  for  ground  water  m recent  years. 
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AVAILABILITY  OF  ADDITIONAL  SUPPLIES 

It  is  impossible  to  estimate  the  potential  ground-water  supply  available 
in  any  selected  locality  in  Bucks  County  because  of  the  inadequacy  of 
hydrologic  data.  However,  it  is  certain  that  the  rate  of  withdrawal  of 
ground  water  can  be  increased  greatly  in  all  parts  of  the  county  without 
depletion  of  the  supply.  In  some  localities  large  additional  withdrawal 
might  impose  a local  overdraft  on  the  aquifer  if  new  wells  are  installed 
too  close  to  existing  well  fields. 

The  most  promising  sources  of  additional  supply  are  the  unconsolidated 
deposits  adjacent  to  the  Delaware  River.  The  rate  of  withdrawal  can 
be  increased  many  times  without  serious  depletion  of  supplies,  and  the 
quality  of  water  wdl  be  improved  if  new  developments  are  designed  to 
induce  recharge  from  the  river. 

Moderate  additional  supplies  can  also  be  obtained  from  the  consolidated- 
rock  aquifers,  but  they  are  wholly  dependent  upon  natural  local  recharge 
for  replenishment.  Consequently  they  are  not  as  susceptible  to  manage- 
ment as  the  unconsolidated-rock  aquifers. 

The  future  development  of  ground-water  supplies  from  all  sources  will 
be  influenced  by  advances  in  drilling  and  well-maintenance  techniques. 
An  important  limiting  factor  in  the  yield  of  any  ground-water  develop- 
ment is  the  hydraulic  efficiency  of  wells.  Through  the  years,  yields  of 
wells  have  been  appreciably  increased  by  improved  methods  of  construc- 
tion, development,  and  maintenance,  and  this  trend  may  be  expected  to 
continue.  However,  expansion  of  ground-water  use  will  ultimately  depend 
upon  the  ability  of  aquifers  to  store  and  transmit  water  in  quantities 
equivalent  to  withdrawals. 
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APPENDIX 

During  the  field  investigations,  data  were  obtained  for  more  than  650 
wells  in  Bucks  County.  The  location  of  the  wells  is  shown  on  plate  1, 
and  the  data  are  presented  in  the  following  table. 

The  table  is  self  explanatory  except  for  column  2,  location  number. 
The  location  numbers  show  the  location  of  wells  according  to  an  arbitrary 
grid  pattern  devised  by  the  Pennsylvania  State  Planning  Board.  Each 
location  number  consists  of  a series  of  letters  and  numbers  that  define 
the  northwest  corner  of  a square  area,  one-tenth  mile  on  a side,  within 
which  the  well  is  located.  On  the  side  and  top  margins  of  the  well-location 
map,  plate  1,  are  respectively  capital  letters  G through  J (omitting  I) 
and  consecutive  numbers  22  through  25.  Each  letter-number  combination 
defines  an  area  (or  quadrangle)  15  minutes  of  latitude  and  15  minutes  of 
longitude  on  a side.  For  example,  Alorrisville  is  m J24.  In  the  location- 
numbering  system  the  capital  letter  and  number  are  followed  by  a lower 
case  ‘‘a”,  “b”,  ‘T”,  or  “d”  corresponding  to  the  northwest,  northeast, 
southwest,  or  southeast  quarter  of  the  15-minute  quadrangle,  and  the 
location  number  then  represent  a 714 -minute  quadrangle.  The  remaining 
part  of  the  location  number  consists  of  a hyphen  and  a 4-digit  number. 
The  first  pair  of  digits  represent  a distance  in  tenths  of  mile  south  from 
the  north  border  of  the  7 14 -minute  quadrangle  defined  by  the  first  half 
of  the  location  number.  The  second  pair  represents  a distance  east  from 
the  west  border.  The  point  defined  by  these  distances  is  the  northwest 
corner  of  the  square  area  (0.1  mile  on  a side)  m which  the  well  is  located. 
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